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CHIMERIC PROMOTERS CAPABLE OF MEDIATING GENE EXPRESSION IN 
PLANTS UPON PATHOGEN INFECTION AND USES THEREOF 

The present invention relates to synthefc promoters capable of mediatina oene 
f egression ,n piants upon pathogen infection. The pres en, invention Tat IT 
- mbinan, genes and vectors comprising sa* chimeric promoters as ^ L 
ho,, o* Wormed w«h such chimeric promoters, recombinant genes ^ 
The presen, .nvention additionally re,a,es ,o diagnostJc compositions £2 
oompnsing such chime* promoters, recombinant genes, vectors or ce,.s 

bTnaTti'T 0 " 8,80 rela,6S *° me,h0dS *° r *• < * compounds 

oZ a * aWn9 " inWbmn9 9eTOS that « expreZt 

plants upon pathogen infection empioying the above described meanl 

•he Present invention reiates to transgenic plaM ceiis, ^T^ ^Z 
gaining tbe above^escribed chimeric promoters, recombLn, ^„ and ve^ 
as wel, as ,o ,he use o, ,he aforememioned chimeric promoters rlmbinan," 
-tors and/or compounds iden«,ied by tbe method * tbe ZZ^ZZZ 
tissue culture, plant breeding and/or agriculture. 

The engineering of disease resistanco ; n ™„. • 

defence reactions that are ciosely rotated ,o na,ural defence mechanisms such as 
^2 , H ^ ^ in,eC,i0n SteS ' Wh8re "» 08118 h "— * suZding 

• to*™ Srt es. This .herefore reouires peters ,ha, are rapidly an^ Lt 
—e ,o pathogen attac* bu, tha, aiso sho. neg,ig,b,e 



,ni,ia, attempts using iarge promoter fragments from pathogenes.s-rela.ed genes 
I have suffered from the disadvantage that * is « to ,so ate a 

ploter 1 is totally pathogen specific w«h substantia,, no acfi.ty ,n non ^eoted 
Lue (Strittmatter. 1995). It seems My therefore that very few. t any, nature,* 
oocuring promoters will be suitable for this purpose. 

ZTaovances in the de.ai,ed study of defence related genes have .denied a 
nuTber o «un*na,fy de«ned ^acting regulator DNA elements with,npa^en 
ilcible promoters (Korfhage, The Piant 04 6 (1994), 695-708, Raventos, PtonU. 
7 (1^5, 147-155, Rushton, EMBO J. 15 (1996), 5690-5700). A number o, OS- 
alHaments that are necessa* for the response to pathogens have been 
deTed These inoiude Boxes P and L from the parsfey PAL genes (Logemann, 
Sci. USA 92 (1995), 5905-5909), Boxes H and G from soybean 
PAL and 4CL (Loake, Proo. Nat,. Acad. Sci. USA 89 (1992), 9230-9234), together 
* dumber of less we,, defined e,ements. However, white It was shown to, a 
Z^7Z ^ -men* tha, they are necessary for eiiCtor indu*,^ 
rTot known whether these elements are sufficient to direct pathogen-,nduced 
" ion r iant cells and pianta on their own. Recent* K has only been shown 
oTm L W1 from parsley (Rushton, EMBO J. 15 (1996), 5690-5700) and ERE 
ro m h! maize Prms (Raventes. Plan, J. 7 (1995), 147-155, that four cop.es o 
Ze elements alone are sufficient to direct alienor responsive express,on to some 
rrnun gene expression assays. However, induc«y and background 

t o, expression o, the constructs investigated in Rushton, 1996 and Rave ^ 
" rea'y varied and a, best an about 10-fold induc«on o, reporter gene 
2 esln was observed that may no. be sufficient to supply the above-desenbed 
rdlogica, need, According,, . was unctear whe,er ------ 

aCng elements may be useful to specifically suppress or confer loca, gene 
expression in plants upon pathogen infection. 

Thus the technical probiem of .he present invention is to provide promoters that are 
Z diy ana ,ocal* response ,0 pathogen attack bu, show 

uninfected parts of the p,ant and that can be used for eng,neenng of d,sease 

resistant crops. 



"rr :r c rr prob,em * * ~* - « 

Accordingly, the invention relate* *» a ~w 

W a minimal promoter. anyone of SEQ ID NOS: 3 to 16, and 

The term "capable of mediating local g en e •»»»..• ■ 

infection- as used herein means that ,1 " Pta * Up ° n path °9°" 

expression of a heterofogouToZ ^ * Pr ° m ° ter " - ~ng .he 

— to the controlled ZZ, o7 B T " ^ « *»+ 

^ natural resisUnce in Z TT 8 "" "** - '~ 

*«. can death Jl^T^TST '"'^ "* " 
Promoter of the invention is characte^l b \ " " ^ * e Chlm °* 

•-scnpwonala^on selector ° W °' media,in9 ta — 
s«mu,i tha, mimic oatho™ Z Z ZT°™ * — * 

or in response to 

-oh as fungi or bacteria G r de^Co^ ^ ^ **' 
*-* P-Cer o, the in^Ca ale ^ ~" " " 

infection site due to 0*0* interactions Thel """""*» •» actual 

advantageously no, or onry ,0 a sm!»lIT h " "» *""*» »>* 

abiotic s^ss. Preferably 2 nil T * * *- sB ™» — - 

a«a<* or elicitor treatment ~ *" ^ogen 

« ~r, y 30-fold higherthan 12^:22^* ^ 

example, . ey ma.be combined vltre ; :ir e *" * " 



UPon ^ — « — 

control the expression of a neiero. y 
a short stretch of a DNA preferably between 

CaMV 35S minimal promoter 
wh en coined wHh a — P— J" ^ expression o f a 

(positi ons ^ .o + 8, . ^;~ 9 sai eliottor is . f ungal elicitor «- can bo 
heterologous DNA sequence. Preferably, sa ^ ^ ^ ^ 760 . 

prepared by conventional rneans; see e.g V , ^ ^ „ 

765; Grosskopf, J. Plant Phys.0.. 138 (1991), 
(1986), 216-221: Wast, Naturwissenschaften 68 (1981), 

, otsr - within the meaning o. the present invention refers to 
ascription initiation, i.e. RNA polymerase 

well as elicitors prepared therefrom. 

. _ — — — ;ritrd!= 

expression and that can oe use rii<SMSe resistent crops. 

- present invention 

Studies that bave been performed ,n accord ^ ^ ^ 

employed a ^^^^ 

(P^rosel/num crisps) protoplasts denv ^ ^ an ^ 

U <ew where the protoplasts respond °<^^ „ 2551 . 2556 ; 
id en«ca, way to cells in tbe inta* p*n ^ 5 4 t 5M157) . Tbis allows me study 

HablbrocK, Proc. Nat, M is *** >" «-* *« 

of elicitor-responsive as-actmg elemen 

experimental systems. 



m 



Eieven cis-acting elicitor-responsive events (SEQ ID NOS: 3 to 13 ) were identified 
,n accordance with the present invention. Monomers and mummers of each eiemen. 
-vera constructed in additton to synthetic promoters consisting of two or more of 
these eiements in combination. Each construct was synthesised wim either BamH. 
ends or wrth a Spei site a, the 5' end and an Xba, s te a, me 3' end and then cloned 
nto the corresponding restrict, site In front of a minima, CaMV 35S promoter (-46 
to + 8, ,n me vector MS2 3-pBT,0-GUS (Sprenger, Ph.D. thesis, Unhversity of Koln 
K*. Germany (, 997): see Figure 1 (SEQ ID NO: 17, and Figure 2 >. The distance 

£T r rt ° n ^ ^ ^ B ° X ~* «~ » and 70bp 
depending on the -nsertion site empioyed and only slight differences, if any were 
seen when me same element was inserted into different restriction sites. 

Additionally, the cis-acting elidtor-responsive element Box E17 (SEQ ID NO- 15, 

Z TTT in accordance wi,h *" presew ~ n - SM •-»— — 

element. Vanous d, s tances between 5 and ,31 bp from me inserted Box E17 to me 

IZTtTT were tested usin9 monomers and dimere (see Ex — te 7 >- 

nduc b.% >n me sense o, me present invention was chained for distances of a. 
least 12 bp, and optimal inducibiiity for distances of 40 to 60 bp to me 5'-end of me 
minimal promoter. e 



T " aC0 ° rdanCe •» ^ *"»*» e 

that me exacting elements direct pathogen-induced expression in vto>, being acBve 

as monomers, multimers and in combination with each other within synthetic 

promoters. They therefore meet me biotechnologica, retirements Tr m! 

engineering of disease resistance. 



romTrGUS Pr9Sen ' inVeffli0n ,h6Se nWe ' Prom ° tera 
from o, me GUS cod,ng reg,on and the resulting chimeric genes were introduced by 

Example 6. The exp,ess,on pattern observed in the transgenic pfcnts containing me 
mark9r 9609 Under *• - •» onimenc promoter o, me invention 



seated expression in tissue infected by bacterial (Pseudomonas syringae) as we.l 
ZTiZ P^ens (Pe— pa^ca), whereas locai express.cn ,n 
wounded tissues seems to be inactive. 

The chimeric promoter of the invention may be preferably comprised only of the 
Hf efined cis-acting e,ements and a minima, promote, As will be discussed 
tZ other reguiatory sequences may be added or present dependent on the 
rid use o, the chimeric promoter o, the invention. However, preferab, the 
"c promoter o, the invention lacks e,ements ma, interfere w«h the e„Co 
-d/or which are response for the non-se,ec„e expressron o, 
the promoter the ds-acting element of the invention was derived from. 

TO obtain possibfc express- in al, «ssues of a transgenfc plant me minima. 

Zsl o, the chimeric promoter of the invent may be -P^— 
sequences functfcna, in plants inciude, for example, ocs-elemen. (E,„s. EMBOJ. 6 
1987) 3203-3208); the family of ACGT-elements (hex-motif, G-box as 1-e.emer.) 
~s Ban. Ceil 4 (1992), 485-496, and the cyt-1 element (Neuteboom, P,an. J. 
7( 9^ 525-534, -n order to achieve expression in spe* issues o, a trance™ 
piln, » possibie to use tissue specif, promoters (see. e.g., Stockhaus 6WOXB 
Tm 2245-2251). Known are also promoters which are specify a<*ve ,n M 

etc Furthermore, the chemically inducible Tet-system may be employed <Ga,z 
Gen Genet 227 (1991); 229-237). Further suKabie promoters - -n to ^e 
person skilled in the art and are described, e.g., in Ward (Plan, IM. B,ol. 22 (1993), 
361-366). 
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Preferably. ,he chimenc promoter of .he invent further compos a cfe-acBng 
element having the nuclide sequence o, SEQ ID NO: , or 2; see Example 5 

in a par^oularty preferred embodjmen , Qf ^ ^ 
oompnses homo- anaVor hetero-multjmertc forms of said cis-actlng etemenl- Z 
-» ^e appended Example 5 . Preferably, said muftimeric form is a ZJZ 
garner. Part,cu,ar preferred are those combinations of as-acting elements that are 
descnbed in Exampie S and which combination provide for an a. ieaJ Zl 
t Prefer a, ieas, 30,o,d and particularly preferred a, leas, about 5 o-,o,d induZ 

in a preferred embodiment o, the chimeric promoter of the invention the minimal 
Promoter Is derived from the CaMV35S promoter, CHS promoter, PR, p ll 0 

r: y ~ However ' ^ minimai ~ - - — -'be 

in a further preferred embodiment of me chimeric promoter of the invention the 
*•«• between said cis-ac^ eiemen, and said minima, promoter Is 1 
base pa,rs more preferably 25 to 70 base pairs, and most preferably 40 to 60 b!s! 
pars. ,n addKion or afternativeiy, a spacer region preferably compoled o, 4 to^o 
base P a,rs separates a, leas, two of said cis-acing eiements in me chime * 
Prornoter. Likewise, . is preferred ma. a, ieas, two o, said mu«imeric ,1s TZ 

-n a partly preferred embodimen. o, the chimeric promoter of me invention the 
™. c,on of gene expression upon eiicitor ,rea.men. or pathogen infecUon is a. Z 
15-fo. . As bussed before, me cis-acting elements so far inves.iga.ed in the pnt 
art onty provided for induction upon eMor treatment of about 1old. HoTevTr a 
Conduction of a recombinan. gene encoding, e.g., an an «-vl ra , prc^no 
be s ff,c,en, ,o rapidly and efficiently combat against .he pamogen. The prZ 
nvenuon proves seve ra , cis-acUng eiements tha, are capable of inducing hig "" 
express™ o, a given DNA sequence u P to 400-fold induction; see. e.g., 
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Furthermore, the invention demonstrates that the combination of otherwise weakc*- 
acllments can provide for a substantia, increase of the overaii ,nduc,b,i,ty of 
TZZ™ lote see Example 5. Thus, me present invention for the ,i*t *me 
!ltTa generaily appiicabie method for how to const™, and use ~ 
ZL in the fieid of plant biotechnology. As will be noted from the appended 

^certain extent The person skilled in the art therefore may employ different 
Imet pZT re with Irent bacKground fcvels and inducibili* depending on 
TJ^rZ use. For example, if .he approach of coat protein-meolated protec, 
roainTvirus infection is used the chimeric promoter employed may have hgh 
:ir g lnd ieve, expression that wouid no, harm the plan, and which upon wai 
2Ln wou*. increase at hfch leveis such that resistance to me virus can he 
"d The same rational would appry to, e.g., an antisense or nbozyme medra ed 
"on or - engineer of resistance to funga, pathogens by th, , e^-n o 
anti-funga, proteins etc. On me other hand, where me generation of race-sp^c 
" ismn genes and artificial generation o, hypersensiUve eel, death ,s ,n ende* 
T« a chimeric promoter is used mat has iow or subtly no ^baoKgr^nd 
U aid mat on, upon pathogen a^ s a^ed to, - 
rli— -r.:!:. dependingon.useisweilw.inme 
skill of the person skilled in the art. 

Exampies of me different possible applications of me chimeric promoter according «o 
"on as we,, as its cis-acting e,ements wi„ be described in detar. ,n me 

following. 

Hence in a further embodiment, the present invention relates to a recombinant gene 
12smg *e above-described chime* promoter. Preferably. *e recomb,nan 

ZTLw »* - ,he ch,meric promoter is operaUve * 

heterologous DNA sequence. 



• 



DESC 



The term "heterologous- with respeot to the DMA sequence being operative* (inked 
to the chimeric promoter of the invention means that said DNA sequence is not natu- 
rally linked to the chimeric promoter of the invention. 

The term "operably linked" refers to a juxtaposition wherein the components so 
described are in a relationship permitting them to function in their intended manner 
The chimeric promoter "operably linked- to a heterologous DNA sequence is ligated 
■n such a way that expression of a coding sequence is achieved under conditions 
compatible with the control sequences. Expression comprises transcription of the 
heterologous DNA sequence preferably into a translatable mRNA. Regulatory 
elements ensuring expression in eukaryotic, i.e. plant cells are well known to those 
stalled ,n the art. In the case of eukaryotic cells they comprise optionally poly-A 
s,gnals ensuring termination of transcription and stabilization of the transcript for 
example, those of the 35S RNA from Cauliflower Mosaic Virus (CaMV) and' the 
Nopaline Synthase gene from Agrobacterium tumefaciens. Additional regulatory 
elements may include transcriptional as well as translational enhancers. A plant 
translational enhancer often used is the CAMV omega sequences, the inclusion of 
an intron (lntron-1 from the Shrunken gene of maize, for example) has been shown 
o .ncrease expression levels by up to 100-fold. (Mail, Transgenic Research 6 
(1997), ,43-156; Ni, Plan, Journal 7 (1995), 661-676). In mis respect, i, should be 
noted that in one embodiment of the recombinant gene of the invention a, least one 
of sa,d cs-acting elements is located in the 5'- or 3-untranslated region or in an 
intron of the recombinant gene. 

in a preferred embodiment of the recombinant gene of the invention said 
heterologous DNA sequence encodes a (polypeptide, cytotoxic protein, antibody 
antrsense RNA, sense RNA, ribozyme, transcription factor, protease, nuclease' 

lipase, or polymerase 

The recombinant gene of the invention can be used alone or as part of a vector to 
express heterologous DNA sequences, which, e.g., encode proteins for, eg the 
control of disease resistance or diagnostics of pathogen inducible or related gene 



•|p991 : llS9^li. T 4 : 



10 



expression. The recombinant gene or vector containing the DMA sequence encoding 
aTfiNA or a protein of interest is introduced into the cells which in turn produce the 
RNA or protein of interest. For example, the chimeric promoter of the invention can 
be operle* .inked to DNA sequences encoding Barnase for use in the product™ 
of localized cell death in plants upon pathogen attack. 

On the other hand, said protein can be a sccrable maKer. e.g., luaferase. g*en 
fluorescent protein or B-galactosidase. This embodiment is particular* useful for 
simple and rapid screening methods for compounds and substances descnbed 
herein below capable o, modulating pathcgene specific or eiictor .nducble gene 
expression. For example, transgenic plan, cells can be cuKured in *. P~ *" d 
atLce of a candidate compound in order to determine whether the compound 
affects the expression of genes which are under the control of chimenc promoters of 
the invent, which can be measured, e.g., by monitoring the express™ of the 
above-mentioned marker. I. is also immediately evident to those skilled ,n me art that 
other marker genes may be employed as we.,, encoding, for example a salable 
ma^er which provides for the direct selection of compounds which .nduce or ,nh,b,t 
the exoression of said marker. 

The chimeric promoters of the invention may also be used in methods o, ant,sense 
approaches. The antisense RNA may be a short (generally a, leas. 10, preferably* 
,1 u nucleotides, and optionally up to 100 or more nucleotides) nuclide 
sequence formulated to be complementary to a portion of a spec,f K mRNA 
sequence and/or DNA sequence o, me gene o, interest. Standard methods realr* 
Tantisense technology have been described; see, e.g., «ann, Plan, Phys,*. 112 
,1996) 1321-1330. Following transcription of the DNA sequence into antusense 
RNA the antisense RNA binds to its target sequence wi*in a ce.l. thereby inhibiting 
translation of me mRNA and down-regulaflng expression of me protein encoded by 
the mRNA. 

Furthermore, appropriate ribozymes can be employed (see, e.g EP-A1 0291 53* 
EP A1 0 321 201 EP-A2 0 360 257) which specifically cleave the (pre)-mRNA of a 
target gene. Selection of appropriate targe, sites and corresponding ribozymes can 
Te done as described for example in Sfeinecke, Ribozymes. Me«hods in Cell B,o,ogy 
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50, Galbraith, eds Academic Press, Inc. (1995), 449^60. Further applications of the 
chimeric promoter are evident to the person skilled in the art and can be derived 
from the literature, e.g., Strittmatter and Wegener, Zeitschrift fur Naturforschung 48c 
(1993), 673-688; Kahl, J. Microbiol. Biotechnol. 11 (1995), 449-460 and references 
cited therein. 

Said transcription factor can for example be a master regulatory factor that controls 
the expression of a cascade of genes involved in pathogen defense of the plant 
(Grotewold, Plant Cell 10 (1998), 721-740; Rushton and Somssich, Curr. Opin Plant 
Biol. 1 (1998), 311-315). Alternatively, it can be a hybrid transcription factor 
containing a DNA-binding domain (e.g. of GAL4 or of the bacteriophage 434) and 
an activator domain (e.g. of VP16 or of any functional plant activator domain), which, 
when expressed in transgenic plants containing an antisense target gene under the 
control of a synthethic promoter containing the appropriate cis-acting element 
recognizing the hybrid factor, leads to specific repression (knock-out) of the desired 
endogenous gene function (Wilde, Plant Mol. Biol. 24 (1994), 381-388; Guyer, 
Genetics 149 (1998), 633-639). 



Suitable lipases comprise for example phospholipases, e.g., C or Aa type 
phospholipases (Scherer, Plant Growth regulation 18 (1996), 125-133). Lipases are 
capable of releasing free fatty acids from membrane lipids, wherein these fatty acids 
can function as signal transducers by which general cellular defense reactions are 
elicited. The growing importance of free fatty acids in pathogen-defense is 
documented, e.g., in Scherer (1996), Roy (Plant Sci. 107 (1995), 17-25 and 
references cited therein) and Tavemier (Plant Sci. 104 (1995), 1 17-125). 
Nucleases, i.e. RNases and DNases, may also be employed, of which Barnase is 
one candidate among others. The use of proteases in the context of this 
embodiment may apply to cytotoxic effects. 

A signal amplification system may be constructed using polymerases. In a two-step 
model, an elicitor-induced polymerase, e.g., SP6-, T7- or T3-RNA polymerase, can 
transcribe a second recombinant gene which is controlled by a promoter to which 
the polymerase is highly specific. The second gene may encode for example a 
cytotoxic protein which is then expressed in an amplified way. A plant system based 



„ llSffiteiiiSi A Sfife' 
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on T7-RNA polymerase was described by McBride (Proc. Natl. Acad. Sci. USA 91 
(1994), 7301-7305). 

Cytotoxic proteins comprise, for example, plant RiPs (ribosome inactivating proteins; 
(Stripe Biotechnology 10 (1992), 405-412), defensins (Broekaert, Plant Physrol. 
108 (1995), 1353-1358), B. toxin, a-amylase inhibitor, T4-lysozyme, evidence gene 
product, or enzymes such as glucose oxidase which generate reactive oxygen 
species (Shah, Trends Biotechnol. 13 (1995), 362-368; Shah, Curr. Opin. Brotech. 8 
(1997) 208-214; Beachy, Curr. Opin. Biotech. 8 (1997), 215-220; Cornelissen, P ant 
Physioi. 101 (1993), 709-712; Estruch, Nucleic Acids Res. 22 (1994), 3983-3989). 

„ is in principle possible to modify the coding sequence in such a way that the 
protein is located in any desired compartment of the pian, cel.. These .nclude tte 
nucleus, endoplasmic reticulum, the vacuole, the mitochondria, the plast,ds, the 
apoplast, me cytoplasm etc. Methods how to carry out this modifications and signal 
sequences ensuring localization in a desired compartment are we,, Known to the 
pelon skilled in the art. (Gorlich, Science 271 (1996), 1513-1518; M 
Physio,. 107 (1995), 1055-1058; Rachubinski, Cei, 83 (1995), 525-528; Schatz, 
Science 271 (1996), 1519-1526; Schne,,, Cel, 83 (1MB). 521-524; Verner, Scrence 
241 (1988), 1307-1313; Vitale, BioEssays 14 (1992), 151-160). 

The present invention also relates to vectors, particularly plasmids, cosmids. viruses 
and bacteriophages used conventionally in genetic engineering that compose a 
chimeric promoter or a recombinant gene of the invention. Preferably, said vectons 
a piant expression vector, preferably further comprising a selection marker for 
plants For example of suitable selector markers, see supra. Methods which are well 
known to those skilled in the art can be used to construct recombinant vectors; see, 
for example, the techniques described in Sambrook, Moiecular Cloning A Laboratory 
Manual, Cokl Spring Harbor Laboratory (1989, N.Y. and Ausubel. Current Protocols 
in Moiecular Biology, Green Publishing Associates and Wiley Inference, N.Y. 
(1989). Alternatively, the chimeric promoters and recombinant genes of the invent™ 
can be reconstituted into liposomes for delivery to target cells. 
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the above-described vectors of the invemion comprise a select 
and/or scorab.e ma*er. Selectable marker genes useful tor L 

■n the art and compnse, for example, antimetabolite resistance as me basis of 
for dhfr, which confers resistance to methotrexate (R eiss, Pla , PhL 
0* Sc. Adv., ,3 (1994 , 143 . 149); npt , which ^ res stan ^ ^ 

32 (1984), 48,-485). Add,„onal selectable genes have been described, namely troB 
wh ch a lows cells to u*e indole in place o, tryptophan; hisD. which ifcTSS 
«•» h,s fi no. in place of histidine (Harlan, Proc. Na«. Acad. Sci. UsT^ 

« z"rr te isomerase wwch a,tows - * — ~ s 

94/20627) and ODC (ornimine decarboxyiase) which confers resistance to the 

IT 8 inhibi, ° r ' 2 -^~ny,,.OL-orni*inr DP^ 

(MoO.nlogue, ,987, ,n: Current Communications in Molecuiar Bioiogy, Cold 
Ha*or Laboratory ed.) or deaminase from Aspergillus terreus which etfTrs 
— ce to Blasts S (Tamura, Blosci. Biotechnoi. Biochem. 59 

Usefu. scorabie marker are also Known to those skilled in the an and are 
-nmerca,^ available. Advantageous*, said marker is a gene encoding iu^erl 
G,acom,n, PI. Sci. „ 6 (199e) , s9 . 72; Scikantha , OS8*7JHZ 
fluorescent protein (Gerdes, FEBS Lett 389 n«> m „„ „,> 9 

(Jefferson, EMBO J. 6 (1987) 390,^07,™ T! ^ " 

S imni 0! .nH •„ ° (,a87) ' 3901 " 3907 )- ™« embodiment is particularly useful for 

-P*and rap,d screening of cells, tissues and plan, containing a vector of the 

ZZ^JZZl furthemrore re,a,es ,0 hosl 061,8 «W * 

promoter, recombrnan, gene or a vector according to the invention wherein the 
ch,menc promoter is foreign to the host cell 

me host cell, th, s r^ans derived from a cel, or organism v*h a different genL 
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background, or is homologous with respec. to the host celt bu, located ,n a afferent 
genomic environment than the natural* occurring counterpart of sa,d c,s-ac*ng 
element. This means that, if the cis-acting element is homologous with respect to the 
host cell, it is not located in its natural location in the genome of said host cell, ,n 
particular 1 is surrounded by different genes. The vector or recomb,nant gene 
according to the invention which is present in the host cell may either be ,n»egrated 
into the genome of the host ce.l or it may be maintained In some form 
exfrachromosomalry. In this respect, it is also ,c be understood tha, me cNmenc 
promote, or recombinant gene of the invention can be used to restore or create a 
mutant gene via homologous recombination (Paszkowsk, (ed.), Homoogous 
Recombination and Gene Silencing in Plants. Kluwer Academic Publrshers (1994) ) 
The host cel. can be any prokaryotic or eukaryotio cell, such as bactenal, .nsect. 
fungal, plant or animal cells. Preferred cells are plant cells. 

,n a further preferred embodiment, the present invention provides for a method for 
the production of transgenic plants, plant cells or plan, tissue compnsrng the 
introduction of a chimeric promoter, recombinant gene or vector of me invenfon ,mo 
me genome of said plan,, plan, cell or p.an. tissue. For the express.cn of the 
heterologous DNA sequence under the control of the chimeric promoter accord,ng to 
the invention in plan. cel.s, further regulatory sequences such as poly A tail may be 
fused preferably 3' to the heterologous DNA sequence, see also supra. Further 
possMities might be to add Matrix Attachment S«es a. me borders o, the transgene 
,o act as 'delimiters- and insulate against methylation spread from nearby 
heterochromatic sequences. 

Methods for the introduction of foreign genes into plants are also we,, known .n me art 
These include, for example, me transformation of plant cells or tissues w*h T-DNA 
using Agrobacterium tumefaciens or Agrobacterium rhizogenes, me fus»n of 
protoplasts, direct gene transfer (see, e.g., EP-A 164 575). inject, 
vacuum infiltration, biolistic memods like particle bombardment pCen-medra ted 
transformation, plan. BNA vims-mediated transformation, ,iposome-med,a.ed 
transformation, transformation using wounded or enzyme-degraded — 
embryos or wounded or enryme-degraded embryogenic callus and other methods 
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known ,n the art. The vectors used in the method of the invention may contain further 
funct,onal elements, for example "left border"- and "right border-sequences of the 
T-DNA of Agrobacterium which allow stable integration into the plant genome 
Furthermore, methods and vectors are known to the person skiiled in the art which 
perrmt the generation of marker free transgenic plants, i.e. the selectable or scorable 
marker gene is lost at a certain stage of plant development or plant breeding This 
can be achieved by, for example ^transformation (Lyznik, Plant Mol Biol 13 
(1989), 151-161; Peng, Plant Mol. Biol. 27 (1995), 91-104) and/or by using systems 
wh,ch utilize enzymes capable of promoting homologous recombination in plants 
(see, e.g., WO97/08331; Bayley, Plant Mol. Biol. 18 (1992), 353-361); Lloyd Mol 
Gen. Genet. 242 (1994), 653-657; Maeser, Mol. Gen. Genet. 230 (1991) 170-176- 
Onouchi, Nucl. Acids Res. 19 (1991), 6373-6378). Methods for the preparation of 
appropriate vectors are described by, e.g., Sambrook (Molecular Cloning- A 
Laboratory Manual, 2nd Edition (1989), Cold Spring Harbor Laboratory Press Cold 
Spring Harbor, NY). 

Suitable strains of Agrobacterium tumefaciens and vectors as we., as transformation 
of Agrobacteria and appropriate growth and selection media are well known to those 
stalled ,n the art and are described in the prior art (GV3101 (pMK90RK), Koncz Mol 
Gen. Genet. 204 (1986), 383-396; C58C1 (pGV 3850kan), Deb.aere, Nucl.' Acid 
Res. 13 (1985), 4777; Bevan, Nucleic. Acid Res. 12(1984), 8711; Koncz, Proc Natl 
Acad. Sci. USA 86 (1989), 8467-8471; Koncz, Plant Mol. Biol. 20 (1992) 963-976- 
Koncz, Specialized vectors for gene tagging and expression studies. In- Plant" 
Molecu.ar Bio.ogy Manual Vol 2, Gelvin and Schilperoort (Eds.), Dordrecht, The 
Netherlands: Kluwer Academic Publ. (1994), 1-22; EP-A-120 516; Hoekema- The 
B.nary Plant Vector System, Offsetdrukkerij Kanters B.V., Alblasserdam (1985) 
Chapter V, Fraley, Grit. Rev. Plant. Sci., 4. 1-46; An, EMBO J. 4 (1985) 277-287)' 
Although the use of Agrobacterium tumefaciens is preferred in the method of the 
.nvention, other Agrobacterium strains, such as Agrobacterium rhizogenes, may be 
used, for example if a phenotype conferred by said strain is desired 
Methods for the transformation using biolistic methods are well known to the person 
stalled ,n the art; see, e.g., Wan, Plant Physiol. 104 (1994), 37-48- Vasil 
B,o/Techno,ogy 11 (19 93), 1553-1558 and Christou (1996) Trends in Plant Science 
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1 423^31 Microinjection can be performed as described in Potrykus and 
Spangenberg (eds.). Gene Transfer To Plants. Springer Veriag, Berlin, NY (1995). 
The transformation of most dicotyledonous plants is possible with the methods 
described above. But also for the transformation of monocotyledonous plants several 
successful transformation techniques have been developed. These include the 
transformation using Holistic methods as, e.g., described above as well as protoplast 
transformation, elect-operation of partially permeabilized cells, introduction of DMA 
using glass fibers, etc. 

The resulting transformed plant cell can then be used to regenerate a transformed 
plant in a manner known by a skilled person. 

Alternatively, a plant cel. can be used and modified such that said plant cell 
expresses an endogenous gene under the control of the chimeric promoter. The 
introduction of the chimeric promoter of the invention which does not naturally 
control the expression of a given gene or genomic sequences us,ng, e.g., gene 
targeting vectors can be done according to standard methods, see supra and, e.g., 
Hayashi, Science 258 (1992), 1350-1353; Fritze and Walden, Gene activation byT- 
DMA tagging. In Methods In Molecular biology 44 (Gartland, K.M.A. and Davey, 
M.R., eds). Totowa: Human Press (1995), 281-294) or transposon taggmg 
(Chandlee, Physiologia Plantarum 78 (1990), 105-115). 

in general, the plants which can be modified according to the invention can be derived 
from any desired plant species. They can be monocotyledonous plants or 
dicotyledonous plants, preferably they belong to plant species of interest in agriculture, 
wood culture or horticulture interest, such as crop plants (e.g. maize, rice, barley, 
wheat, ,ye, oats etc.), potatoes, oil producing plants (e.g. oilseed rape, sunflower, pea 
nut. soy bean, etc.). cotton, sugar beet, sugar cane, leguminous plants (e.g. beans, 
peas etc.), wood producing plants, preferably trees, etc. 

Thus the present invention relates also to transgenic plant cells comprising, 
preferably stably integrated into the genome, a chimeric promoter, a recombmant 
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gene or vector according ,o the invention or obtained by the above-described 

method 



Furthermore, tt,e present invention aiso relates to transgenic plants and plant tissue 
comprising the above-described transgenic plant cells or obtainable by the above- 
described method. These plants may show, for example, increased disease 
resistance. 

In a preferred embodiment of the invention, the transgenic plan, upon the presence 
of the ch,meric promoter or the recombinant gene of me invention attained 
res,stance or improved resistance against a pathogen the corresponding wild-type 
plant was susceptible to. 

The term "resistance" covers the range of protection from a de.ay to complete 

Z , 1 d9Ve ' 0pmen, • ^P 1 - *» cogens o, importance comprise 

Phytophmora ,nf es ,a nS , the causal agent of potato late blight disease, Phytic* 
«vae, root ro, pathogen of soybean, Pe mn0spom parasitica (downy mi|d 
M^apo^e grisea, causa, agent of rice bias, disease, Elyslph e spp (powdery 
m,.dew,, PseuComonas syringae (agem o, bacterial blight), Erwinia amyiovora (J 
bl,gh, drsease), Errtnia carotovora (soft ro„, Botrytts cinerea (downy mildew of 

grape), RhUoctonia soOni and Pymium ^baryanum (agents o, seedling blight or 

damping off disease). 

in yet another aspect the invention also relates to harvestable parts and to 
propagation materia, o, the transgenic plants according to the invention which 
contarn transgenic plant ce„s described above. Harvestable parts can be in principle 
any useful par. of a plan,, for exampie, leaves, stems, seeds, roote etc 

ZZTJT" inc,udes ' ,or 6xampte ' seeds ' fmte ' cimin9s ' see * 9 * 



^ discussed above, novel cis-acting element have been identified in accordance 
wrth the present invention ,ha, are capable o, conferring elicitor inducible or 
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pathogen specific gene expression in plant cells and plants. Therefore, the present 
invention also relates to cis-acting elements as defined above or multimeric forms of 
any one of those as discussed hereinbefore. 

Due to the tight regulation of the chimeric promoters of the invention it is evident that 
they are particularly suited for the identification of compounds that either specifically 
interact with these cis-acting elements or that act upstream of the signal transduct.on 
pathway that leads to activation of genes the cis-acting elements were derived from. 

Thus the present invention further relates to a method for the identification of an 
activator or inhibitor of genes specifically expressed in plants upon pathogen 
infection comprising the steps of: 

(a) providing a plant, plant cell, or plant tissue comprising a recombinant DNA 
molecule comprising a readout system operatively linked to the chimenc 
promoter of the invention; 

(b) culturing said plant cell or tissue or maintaining said plant in the presence of a 
compound or a sample comprising a plurality of compounds under conditions 
which permit expression of said readout system; 

(c) identifying or verifying a sample and compound, respectively, which leads to 
suppression or activation and/or enhancement of expression of said readout 
system in said plant, plant cell, or plant tissue. 

For the identification of inhibitors, it is advantageous to include an elicitor or an other 
activator known to be capable of inducing the activity of promoters that contain the 
cis-acting elements of the chimeric promoters of the invention in step (b) of the 
above-described method, and to determine whether the compound to be screened 
suppresses the induction of the readout system by said elicitor or activator. 
The term "read out system" in context with the present invention means a DNA 
sequence which upon transcription and/or expression in a cell, tissue or organism 
provides for a scorable and/or selectable phenotype. Such read out systems are well 
known to those skilled in the art and comprise, for example, recombinant genes and 
marker genes as described above and in the appended examples. 
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The term "plurality of compounds" in a method of the invention is to be understood 
as a plurality of substances which may or may not be identical. 
Said compound or plurality of compounds may be comprised in, for example 
samples of inorganic or organic molecules or, e.g., cell extracts from, eg plants' 
animals or microorganisms. Furthermore, said compound(s) may be known in the art 
but hitherto not known to be capable of suppressing or activating pathogen related 
genes. Suitable set ups for the method of the invention are known to the person 
stalled in the art. The plurality of compounds may be, e.g., added to the cell or tissue 
culture medium or soil, injected into the cell or sprayed onto the plant. 
If a sample containing a compound or a plurality of compounds is identified in the 
method of the invention, then it is either possible to isolate the compound from the 
ong.nal sample identified as containing the compound capable of suppressing or 
act.vat.ng the chimeric promoter of the invention, or one can further subdivide the 
ong.nal sample, for example, if it consists of a plurality of different compounds so as 
to reduce the number of different substances per sample and repeat the method 
w,th the subdivisions of the original sample. Depending on the complexity of the 
samples, the steps described above can be performed several times, preferably until 
the sample identified according to the method of the invention only comprises a 
limited number of or only one substance(s). Preferably said sample comprises 
substances of similar chemical and/or physical properties, and most preferably said 
substances are identical. Preferably, the compound identified according to the above 
descnbed method or its analog or derivative is further formulated in a form suitable 
for the application in plant breeding or plant cell and tissue culture. For example it 
can be combined with a agriculturally acceptable carrier known in the art. 

The compounds which can be tested and identified according to a method of the 
mvenfon may be expression libraries, e.g., cDNA expression libraries, peptides 
prote.ns, nucleic acids, antibodies, small organic compounds, hormones' 
pepftdomimetics, PNAs or the like (Milner, Nature Medicine 1 (1995) 879-880- 
Hupp, Cell 83 (1995), 237-245; Gibbs, Cell 79 (1994), 193-198 and references cited 
supra). Furthermore, genes encoding a putative regulator of genes controlled by the 
cs-acting elements of the invention and/or which excert their effects up- or 




downstream from such genes may be identified using, for example, inserts 
mutagenesis using, for example, gene targeting vectors known in the art (see, e.g., 
Hayashi Science 258 (1992), 1350-1353; Fritze and Walden, Gene activation by T- 
DNA tagging. In Methods in Molecular biology 44 (Gartland, K.M.A. and Davey, 
M.R., eds). Totowa: Human Press (1995), 281-294) or transposon tagg.ng 
(Chandlee, Physiologia Plantarum 78 (1990), 105-115). 

Said compounds can also be functional derivatives or analogues of known inh.brtors 
or activators. Methods for the preparation of chemical derivatives and analogues are 
well known to those skilled in the art and are described in, for example, Bei.ste.n, 
Handbook of Organic Chemistry, Springer edition New York Inc., 175 Fifth Avenue, 
New York, N.Y. 10010 U.S.A. and Organic Synthesis, Wiley, New York, USA. 
Furthermore, said derivatives and analogues can be tested for their effects 
according to methods known in the art or as described in the appended examples. 
Furthermore, peptidomimetics and/or computer aided design of appropnate 
derivatives and analogues can be used. The cell or tissue that may be employed .n 
the method of the invention preferably is a plant cell, plant tissue or plant of the 
invention described in the embodiments hereinbefore. 

In an additional embodiment, the characteristics of a given compound may be 
compared to that of a cell contacted with a compound which is either known to be 
capable or incapable of suppressing or activating the chimeric promoter of the 
invention or the promoter the cis-acting element of the chimeric promoter is denved 
from. 

The inhibitor or activator identified by the above^lescribed method may prove useful 
as a plant protective agent or herbicide or pesticide. Thus, in a further embodiment 
the invention relates to a compound obtained or identified according to the method 
of the invention said compound being an activator or an inhibitor of genes 
specifically induced upon pathogen infection. 

Furthermore, identification of Wns-acting factors which interact with the cis-acting 
elements of the invention can form the basis for the development of novel agents for 
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mo***, condMons associated w«h plant disease , ldentmoatfon 

and Ausube,, supra). To determine whether a protein binds to me c.s-a<Z' 
elements o, the invention standard DNA footprinting and/or native gel-^n anaC 
can be carried ou, in order ,o idenKty the fr^ng factor which b Tl 
acbng eiements o, ft. invention, these eiements can be used as an affinity 1,2 

CSLTT purmca,ion me,hods ' or as a probe for « ~" 

acZ' ^ ^ faC ' 0r fe iCten,, '"' ed ' m ° dU,a,ion - * "-Who * ft. «£ 

, «« elements o, the invention can be pursued, beginning w«, for ™ 
screen.ng for inhibitors of Acting factor binding ""■'"'sample, 
Action or repression of genes involved in plant defense reactions could then b. 

etlo J" ^ " ^ °' " '~ 9 **" «* ^or~ en^ 
encoding rt, e.g. ,n a vector fo, transgenic plants. In addition if the acMve form JT* 

could be made ,n order to inhibit its activity. Furthermore, upon identification of ml 
f~g factor, further component in the pathway ieading TZZL £ 
-gna, transduction, or repression o, pathogenesis related genes ftTl b 
,den«„ed. Modular o, the aeries o, these components SZ^ZZ m 
order to develop addflona. agents and methods for modulating the re^I * 
Plants upon pathogen attack in plants. response of 

Accordingly, the present invention also relates to a m.m ~ . 
ZT ,e compound iden. ffi ed and ^ V^STS^ST 
The plant protection composition can be Dreoamri m, . , • methods ' 
*«- method of the invent and 

P-ion compose -^1^=^ 

= n « synthesizing the compound so aentified o/an .^T^ 

in »he plan, protection composition of me invention, the compound identified bv the 
above-descnbed method may be preferential formulated £ convent mlans 
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common* used fo, the application of, for example, herbicides and pesticdes or 
agents capable of inducing systemic acquired resistance (SAR). For example 
certain additives known to those skilled in the art stabilizers or substances wh,ch 
facilitate the uptake by the plan, cell, plan, tissue or plan, may be used for example 
hatpins, e,<d.ins, saHcylic acid (SA), benzotfl.^thiadiazoie^-carboti^c acd 
(BTH), 2,6-dfchloro isonicotinic acid (1NA), jasmonic acid (JA), methyljasmonate. 

,n a further embodiment, the present invention relates to an antibody specifically 
recognizing the compound obtainable by the method of the invention or the as- 
acting element described above. The antibodies of the invention can be used to 
identify and isolate other activators and inhibitors of genes in that are mvolved ,n 
plant defense. These antibodies can be monoclonal antibodies, polyclonal antibod-es 
or synthetic antibodies as well as fragments of anybodies, such as Fab, Fv or scFv 
fragments etc. Monoclonal antibodies can be prepared, for example, by the 
techniques as originally described in Kehier and Milstein, Nature 256 (1975), 495 and 
GalfrS Meth. Enzynrcl. 73 (1981), 3, which comprise the fusion of mouse myeloma 
cells to spleen cells derived from immunized mammals. Furthermore, antibod,es or 
fragments thereof to the aforementioned peptides can be obtained by us,ng 
methods which are described, e.g., in Harlow and Lane 'Antibodies, A Laboratory 
Manual", CSH Press, Cold Spring Harbor, 1988. 

Furthermore, the present invention refc.es to a diagnostic composition comprising 
the chimeric promoter, .he recombinant gene, the vector, tine compound or the 
antibody of the invention, and optionally suitable means for detection. Sa,d 
diagnostic composes may be used for, e.g., methods for screening activators or 
inhibitors as described above. 

in addition, the present invention relates to a kit comprising the chimeric promoter, 
the recombinant gene, the vector, the compound or the antibody of tine mvention. 
The kit of me invention may contain further ingredients such as selection markers 
and components for selective media suitable for the generation of transgenic plan, 
cells plant tissue or plants. Furthermore, the kit may include buffers and substrates 
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for reporter genes that may be present in the recombinant gene or vector of the 
.nvention. In addition, the kit of the invention may contain compounds such as 
el.citors, preferably fungal elicitors that can be used as standards for the expression 
assays. The kit of the invention may advantageously be used for carrying out the 
method of the invention and could be, inter alia, employed in a variety of applications 
referred to herein, e.g., in the diagnostic field or as research tool. The parts of the kit 
of the .nvention can be packaged individually in vials or in combination in containers 
or multicontainer units. Manufacture of the kit follows preferably standard 
procedures which are known to the person skilled in the art. 

The kit or its ingredients according to the invention can be used in plant cell and 
Plant tissue cultures, for example, for any of the above described methods for 
detecting inhibitors and activators of pathogenesis related genes. The kit of the 
invent™ and its ingredients are expected to be very useful in breeding new varieties 
of, for example, plants which display improved properties such as disease 
resistance. 

It is also immediately evident to the person skilled in the art that the chimeric 
promoters, recombinant genes and vectors of the present invention can be 
employed to produce transgenic plants with a desired trait (see for review TIPTEC 
Plant Product & Crop Biotechnology 13 (1995), 312-397) comprising (i) insect 
resistance (Vaek, Plant Cel. 5 (1987), 159-169), (ii) virus resistance (Powell, Science 
232 (1986), 738-743; Pappu, World Journal of Microbiology & Biotechnology 11 
(1995), 426-437; Lawson, Phytopathology 86 (1996), 56 suppl.), (Hi) resistance to 
bactena, insects and fungi (Duering, Molecular Breeding 2 (1996) 297-305- 
Stnttmatter, Biotechnology 13 (1995), 1085-1089; Estruch, Nature Biotechnology 
15 (1997), 137-141), (iv) inducing and maintaining male and/or female sterility (EP- 
A1 0 412 006; EP-A1 0 223 399; WQ93/25695) or may be used as highly inducible 
production systems of heterologous proteins or biopolymers in plants analogous to 
inducible systems in bacteria. 



The present invention for the first time demonstrates that a number of cis-acting 
elements that are responsible for inducibility of pathogenesis-related genes can be 
used either a.one or in combination with themselves or with other cis-acting 
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elements to construct chimeric promoters that are capable of mediating highly 
inducible gene expression in plant cells upon elicitor treatment. It is therefore evident 
that cis-acting elements derived, e.g., from pathogen-related promoters other than 
those specifically described above can be used in accordance with the present 
invention, for example, chitinase promoters; see, e.g., Kellmann, Plant. Mol. Biol. 30 
(1996), 351-358. Appropriate promoters that provide a source for such cis-acting 
elements can be used and obtained from any plant species, for example, maize, 
potato, sorghum, millet, coix, barley, wheat and rice. Such promoters are 
characterized by their inducibility upon pathogen infection. 

For example, using cDNA of proteins that are specifically expressed in plants upon 
pathogen attack as probes, a genomic library consisting of plant genomic DNA 
cloned into phage or bacterial vectors can be screened by a person skilled in the art. 
Such a library consists, e.g., of genomic DNA prepared from plant leaf tissue, 
fractionized in fragments ranging from 5 kb to 50 kb, cloned into the lambda vetors 
such as Lambda EMBL3 or 4, Lambda ZAP, Lambda DASH or Lambda GEM. 
Phages hybridizing with the probes can be purified. From the purified phages DNA 
can be extracted and sequenced. Having isolated the genomic sequences 
corresponding to the genes encoding the PR proteins, it is possible to fuse 
heterologous DNA sequences to these promoters or their regulatory sequences via 
transcriptional or translational fusions according to methods well known to the 
person skilled in the art. In order to identify the regulatory sequences and specific 
elements of the these genes, 5'-upstream genomic fragments can be cloned in front 
of marker genes such as luc, gfp or the GUS coding region and the resulting 
chimeric genes can be introduced by means of Agrobacterium tumefaciens 
mediated gene transfer into plants or transfected into plant cells or plant tissue for 
transient expression. The expression pattern observed in the transgenic plants or 
transfected plant cells containing the marker gene under the control of the isolated 
regulatory sequences reveal the boundaries of the promoter and its cis-acting 
elements. The isolation of cis-acting elements having the above defined properties 
can be done by conventional techniques known in the art, for example, by using 
DNAsel footprinting and loss-and gain-of-function experiments. It is then possible to 
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isolate the corresponding promoter region by conventional techniques and test it for 
its expression pattern. For this purpose, it is, for instance, possible to fuse the 
putative cis-acting element with a minimal promoter to a reporter gene, such as 
GUS, luciferase or green fluorescent protein (GFP) and assess the expression of the 
reporter gene in transient expression assays or transgenic plants; see also the 
appended examples. 

Thus, the present invention relates to the use of a cis-acting element sufficient to 
d.rect elicitor-specific expression and in particular to the use of the chimeric 
promoter, the recombinant gene, the vector, the cis-acting element and/or the 
compound of the present invention for the production of pathogen resistant plants or 
for identifying and/or producing compounds capable of conferring induced resistance 
to a pathogen in a plant. 

In a still further embodiment, the present invention relates to a method of rendering 
a gene responsive to pathogens comprising inserting at least one cis-acting element 
sufficient to direct elicitor-specific expression into the promoter of said gene As is 
evident to the person skilled in the art a promoter that displays the capabilities of the 
chimeric promoter of the invention can also be obtained by introducing the cis-acting 
element as defined above into a promoter of a gene, preferably in close proximity to 
the transcription initiation site of the gene. 

In another embodiment, the present invention relates to a method for preparing a 
promoter capable of mediating local gene expression in plants upon pathogen 
infection comprising operably linking a cis-acting element sufficient to direct elicitor- 
specrfic expression to a transcription initiation sequence of a promoter. Preferably 
sa.d c.s-acting element to be inserted in the above-described methods is a cis-acting 
element of the present invention or as defined in the foregoing embodiments or a 
mulfmeric form thereof as defined hereinabove. As mentioned before, the elicrtor 
responsive cis-acting elements are preferably responsive to fungal elicitor. 
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In a preferred embodiment of the invention, the above-described methods further 
comprising deleting non-specific cis-acting elements in the promoter. Introduction of 
the cis-acting element of the invention into a given promoter per se may not be 
sufficient to direct the promoter to exclusively mediate local gene expression in 
plants upon pathogen infection. In this case, preexisting elements that may be 
responsive, for example, to light, hormones, low temperatures, drought or salt stress 
may be deleted. 

The above described methods give rise to novel chimeric promoters that are at least 
partially, preferably fully controlled by planVpathogen interaction. 

Accordingly, the present invention also relates to the promoter obtainable by a 
method as described above. Said promoter can then be employed for the 
embodiments described hereinabove. 

These and other embodiments are disclosed and encompassed by the description 
and examples of the present invention. Further literature concerning any one of the 
methods, uses and compounds to be employed in accordance with the present 
invention may be retrieved from public libraries, using for example electronic 
devices. For example the public database "Medline" may be utilized which is 
available on the Internet, for example under 

http://www.ncbi.nlm.nih.gov/PubMed/medline.html. Further databases and 
addresses, such as http://www.ncbi.nlm.nih.gov/, http://www.infobiogen.fr/, 
http //www.fmi.chA)iology/research_tools.html, http://www.tigr.org/, are known to the 
person skilled in the art and can also be obtained using, e.g., http://www.lycos.com. 
An overview of patent information in biotechnology and a survey of relevant sources 
of patent information useful for retrospective searching and for current awareness is 
given in Berks, TIBTECH 12 (1994), 352-364. 

The present invention is further described by reference to the following non-limiting 
figures and examples. 
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The Figures show: 



Figure 1 Restriction map of the plasmid ms23 (Sprenger, 1997) 



Figure 2 



Overview cartoon of the plasmid ms23. The Gus reporter gene and 
minimal -46 CaMV 35S promoter are shown, as are restriction sites 
found in the polylinker sequence situated 5' to the minimal promoter 
The distances (in base pairs) between the restriction sites are also 
shown. 



Figure 3 



Figure 4 



Overview cartoon of the plasmid pGPTV. The Gus reporter gene and 
minimal -46 CaMV 35S promoter are shown as are the Spel and Xbal 
sites used in making the constructs employed. The nptll selection 
marker is also indicated, as are the left and right T-DNA borders (L and 
R). The terminators (pApnos and pnos) and promoter driving the nptll 
gene (pAg7) are also shown. 

Elicitor inducibility of chimeric promoters containing Box E17 and 
derivatives thereof. GTAC motifs in forward and reverse orientation are 
underlined. Deleted bases are depicted as 0. The depicted fragments 
are located 12 bp upstream of the 35S minimal promoter. The 
monomers of the dimeric construct A109 are separated by a 6 bp 
restriction site. 



Figure 5 



Figure 6 



Cut-out of the polylinker of the vector ms23. For measuring the 
influence of the distance to the 35S minimal promoter Box E17 or its 
dimer was inserted into eight different restriction sites. 

Elicitor inducibility of Box E17 depending on the distance to the 35S 
minimal promoter. The induction upon elicitor treatment is given for the 
constructs as illustrated in Figure 5. ms23 represents the vector only 
containing the minimal promoter as negative control. 
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Figure 7 



Expression characteristics of transgenic plants transformed with reporter 
gene constructs comprising chimeric promoters with tetramers of some 
cis-elements of the present invention. For comparison the GCC-Box 
element is included (see Example 1). The background expression levels 
are quantified as being low (barely detectable background expression), 
medium (visible background expression but induction by pathogens » 
clearly visible over the background) or very high (extremely h.gh 
expression such that induction by pathogens is difficult to detect). A 
minus indicates no detectable expression, a plus indicates inducible 
expression and "nt" not tested. 



Th ft Sample * illustrate the invention: 

Experimental setup 

1 Ponnmhinant r>NA techniques 

Unless s*ted Cheese in the examples, all recombinant DNA ,ec n,ques are 
performed according .0 protocol as described in Sambrook (1989), Motecu, 
Oaring : A Laboratory Manual. Coid Spring Harbor Laboratory Press, NY o, ,n 
Voiumes 1 and 2 of Ausubel (1994), Current Protocol in Molecular Biology, Current 
Protocols. Standard material and methods for plan, molecuiar work are described ,n 
Plan, Molecular Biology Labfase (1993) by R.D.D. Croy, jointly published by BIOS 
Scientific Publications Ltd (UK) and Blackwell Scientific Publications (UK). 

2. Transient ex p"*™"" vector 

All constructs, unless a different protoco. is given in the examples we* , ctoned 
between me Spe. and Xba. sites in pbt10-GUS (ms23) (Sprenger, 1997). A. the 3 
end of each construct is an intact Xbal site (6 bp) followed immediately by a mmrrnal 
CaMV 35S promoter (-46 to +8). The 3' end of all inserts are therefore 28 bp 
upstream of the CaMV TATA Box and 52 bp upstream of the star, of transcnptron. 
Multiple copies o, the elements are separated by 6 base pairs (TCTAGT) created by 
the ligation of a Spel sticky end with a Xbal sticky end. The sequence of ms23 (SEQ 
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ID NO: ,7) as a restrteti on map and an overview cartoon a re proved (Figures 1 and 



3. Transaenfc pl ant vector 

The vector empioyed was pGPTV-GUS-kan (Becker p|ant 
1195-1197,. The po^er, minima, CaMV 35S promoter and Gus 

z r ; *: ms23 - A " spaoin9s and ° f * -*« *° ~ 

; ,7 fca ' ,0 ln ^ °«W> — expression con 

( in ms23. A cartoon of pGPTV is provided (Figure 3). 

4. Transienl tranrf^^ ,. d eynmagi ^ ^..^ 

The transient transfer and expression assays were essenttaiiy carried ou. as 
descnbed in Dangl, EMBO J. 6 (19871 2«i = u , . 
(1989) («, - . 2551-2556; Schulze-Lefert, EMBO J. 8 

(1989 65,-656; van de Ldcht, EMBO J. 9 (1990). 2945-2950. Briefly five day old 

echoed by overnight incubation of th e ceiis ,h 0.24 M CaC, 2 containing 0.25% « 
ceHuiase and 0.05% <w/v> macerozyme a. 24- C. Protopiasts are co.iec.ed by 
cen.nmga.on (7 min., ,00 * washed w*h 0.24 M CaC, 2 , and then fic^n* 
medium (GIBCO/BRL) containing 0.4 M sucrose and , mg/n, ^ 
achioropbenoxyacet* acid. Protopiasts fl oa«„g after centrifugation ^ ioo J 
were harvested, counted and adjusted to 2 x 106/ m | 

™^sTirT P ' aSmid ° NA (S ^ *> ""^ P~- 

Z™ rnl^K ^ Pr0,0P,aS,S USin9 "» 

o^oKPEG, rnemod (Krens, Nature 296 (1982), 72-74). Each transformation assay 

T p int0 m 3 ml p,ates - 71,6 Pep2s < Nar " b ^. ce.i 78 ( Z y 

449-46 0) eiicrtor was added to one whereas the other served as a contl Z 
samples were harvested a«e, 8 hours, frozen in „, U id nitrogen, cZ pt Z 

C.987), 387-405). Bradford assays (Bio-Rad, were used for protein determinaL 
^ expression data are given as mear, foid induction vaiues t standard Z£ 
SO, and mean GUS aCv«y (pmo,min/mg, from s* independent tltm 
transfecnon assays treated with or without Pep25 editors. 
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5 ^ngration 0* transgenic Plants B «nhtnlrt 

MoL Biol. Genet. 316 (1993), 1194-1199; Grant, Saence 269 (1995), 
Dang,, Science 269 (1995), 843-846. Briefly, the promoter eiemetfs were ctoned 
front of the reporter gene o. the binary vector pGPTV-GUS-kan (Becker, Pian. Mol. 
2 20 1195-1197) and the constructs introduced into the Agrobactenum 
!1 G V3 01 (PMP90; (Koncz and Scheil, ioc. dt, containing me pMF» he*e 
JZid SOO^cuitures were grown in YEB medium containing kanan^n 
SU, tfampicin dOOp^i) and gentamycin £ ^ 
in infiltration medium (0.5 x Murashige-Skoog salts; 1 x B5 vrtamins, 5.0 
L 0 044 u M benzlaminopurine) and vacuum infU.ra.ed into Arab,dops,s plants by 
£ mid o, Gran, ,1995). T1 seeds were surface-steriUsed and .ran— 
L se.ec.ed on MS medium containing 50pg/m, kanamycin. Pnmary transients 
Tare 7— to soil and tested for GUS expression during pathogenesis and 
biotic or abiotic stress. 

E xamp.« 1= Box S is capable of media** eHcitor induced gene expression 

Box S (CAGCCACCAAAGAGGACCCAGAAT; SEQ ID NO: 7, has been .shown ,c 
necessary tor the elicitor-responsive expression of the parsley e 7 genes 
aaCTa-Wik Ph.D. thesis, UnrversKy of K6.n, Koln, Germany (1995)). Together 
ST1 —g Box N (see Exempts 4.3, for the firs, « . - ■ cor 

„ „f .his tvoe of element has been defined which appears to be 
A^CclU" el, is no. identica, .o any known e,ici,or-respons,e 
el^m *ough » is very simifc, ,o a number of e.hylene response efcmen* ,h* 
baTl core sequence AGCCGCC (GCC Boxes) (Ohme-Takagi and Sh,nsh,The 
Z^7 (1995). 173-182). In the promoters invented (-7-1. e„7-2 and Prpi) 
lays an A residue ralher than a G. Wh, dWerence « *«- « 
sequence makes is a. present undear and „ is no, known 
Jponsive ,o ethylene. ., has however been shown for the firs. ,me ha. *^>xS 
elements With .he sequence AGCCACC are elicitor-responsrve element The 



present data also show for the first time that GCC Boxes are also elicitor response 
elements as well as being ethylene response elements. Box S is a very strong 
elicitor-responsive element. A monomer of Box S gives 11-fold inducibility and a 
tetramer up to 560-fold inducibility. This clearly shows Box S to be an extremely 
promising element for biotechnological purposes. 



The sequence of the monomer element used is- 5 « 
actagtCAGCCACCAAAGAGGACCCAGAATtctaga-3' with the element in upper case 
letters and the Spel/Xbal ends in lower case letters. Constructs containing 1 2 4 
and 8 copies of Box S were constructed and subjected to a transient expression 
assay as described above. The results were as follows: 



minus elicitor 



Plus elicitor 



Fold induction 



1 xS 
2xS 
4xS 
8xS 



168 
118 
187 
781 



2058 
10781 
76904 
102211 



12 
91 
441 
130 



These Box S constructs are novel and have high inducibilty. Four copies of Box S 
appears to be the best with a veiy low background value (187) a high induced level 
(76904) and a very high fold induction (441 x, the highest of any of the constructs 

tested). 
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Example 2: Box D is capable of mediating elicitor inducible gene expression 

Box D (TACAATTCAAACATTGTTCAAACAAGGAACC; SEQ ID NO: 11) is present 
in the parsley PR2 promoter and has never before been reported to be a c/s-acting 
element. Box D was identified by DNasel footprinting, by loss of function 
experiments in the context of the PR2 promoter and by gain-of-function experiments 
with monomers and multimers. Box D is a very strong elicitor-responsive element, a 
tetramer directing 10-fold elicitor-inducibility combined with a very high level of 
expression, whilst a dimer is less strong but gives 15-20-fold inducibility. This clearly 
shows Box D to be a promising element for biotechnological purposes. 

The sequence of the element used is: 5'- 
actagtTACAATTCAAACATTGTTCAAACAAGGAACCtctaga-3' with the element in 
upper case letters and the Spel/Xbal ends in lower case letters. Constructs 
containing 1, 2 and 4 copies of Box D were constructed and subjected to the 
transient expression assay described above. The results were shown below. 

minus elicitor Plus elicitor Fold induction 



1xD 346 
2xD 1562 
4xD 5519 61552 11 



4002 1 1 

31331 20 



These Box D constructs are novel. Two copies of Box D may be the best with a 
moderate background value (1562), a high induced level (31331) and a good fold 
induction (20 x). 

Example 3: Box U provides for elicitor inducible gene expression 

Box U (ATG AAGTTG AAATTC AATAG ; SEQ ID NO: 13) is present in the parsley 
PR2 promoter and has never before been reported to be a cfe-acting element. Box U 
has been defined by DNasel footprinting, by loss of function experiments in the 
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context of the PR2 promoter and by gain-of-function experiments with monomers 
and multimers. Box U is a reasonably strong elicitor-responsive element, a tetramer 
directing 40-fold elicitor-inducibility. 

The sequence of the element used is: 5 «. 
actagtAGTTGAAATTCAATAAGTTGAAATTCAATAtctaga-3' with the element in 
upper case letters and the Spel/Xbal ends in lower case letters. 



Constructs containing 2 copies of the above Box U sequence were constructed. The 
results of a transient expression assay are shown below. These therefore contain 4 
copies of the Box U element (AGTTGAAATTCAATA; SEQ ID NO: 12). 1 or 2 copies 
of Box U are also active. 



4xU 



minus elicitor 



100 



Plus elicitor 



3947 



Fold induction 



39 



These Box U constructs are novel. Box U appears to be a moderately strong 
pathogen-responsive element with a good fold induction (about 40 x). 



Example 4: Some W Boxes are capable of mediating elicitor inducible 
expression 



gene 



The results obtained in accordance with the present invention clearly show that there 
are great differences between the different W Boxes that have been tested. Some 
are very strong (Box W2), some weak (Box W1), some are not active at all on their 
own (Box W3) and some are present as composite elements together with other ex- 
acting elements (Box N). The W Boxes also have differences outside of the core 
TGAC sequences: 

Box W1 : TTTGACC (SEQ ID NO: 1) 

Box W2: TTCAGCC-Nt-TTGACC (SEQ ID NO: 3) 

Box W3: TGAC-N e -GTCA (SEQ ID NO: 5) 
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Box N: TTTGACC plus GCCACC (S Box) (SEQ ID NO: 8) 

Box WAm y : TTGACC within TGAC-N 6 -GTCA pallindrome (SEQ ID NO: 6) 



4.1 BoxW1 



Box W1 (CACACTTAATTTGACCGAGTAACATTCGCC; SEQ ID NO: 2) has 
previously been identified as a weak elicitor-responsive os-element in the parsley 
PR1 promoters and a tetramer has been shown to be sufficient to direct elicitor- 
responsive expression in the parsley transient expression system (Rushton, 1996). 
Box W1 contains the W box sequence TTGACC and evidence suggests that these 
elements are bound by the WRKY class of transcription factors. As W boxes have 
also been found in the monocots Wild oat (Rushton, 1995) and maize (Raventos, 
1995) and WRKY proteins have been found in an increasing number of plant 
species this suggests that the W box elements may be c/s-acting elements in all 
plant species. Box W1 had never before been tested on its own for activity as a 
monomer or in combination with other elements and it was observed that a 
monomer directs elicitor-inducible expression (5-fold inducibility) and that Box W1 is 
also active in combination with other elements (see below). 

The current results show Box W1 itself, however, to be a weak element. The 
sequence of the element used (the monomer) is: 5'- 
actagtCACACTTAATTTGACCGAGTAACATTCGCCtctaga-3' with the element in 
upper case letters and the Spel/Xbal ends in lower case letters. This construct is 
slightly different than the construct previously reported (Rushton, 1996) as the 
element is inserted into the Spel/Xbal sites and not BamHI/Bglll. Constructs 
containing 1, 2 and 4 copies of Box W1 were constructed and subjected to the 
transient expression assay. The results were as follows. 
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1 xW1 
2xW1 
4xW1 



• 



minus elicitor 

362 
299 
56 
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Plus elicitor 

1495 
2433 
870 



Fold induction 

4.1 
8.1 
<15 



The fold induction with 4 x W1 is similar to the previously reported values (Rushton, 
1996). Comparison with values for other elements shows Box W1 to be a weak 
element. 



4.2 Box W2 



Box W2 (TTATTCAGCCATCAAAGTTGACCAATAAT; SEQ ID NO: 4) has 
previously been identified as a c/s-acting element required for the elicitor responsive 
expression of parsley PR1 promoters in the transient expression system (Rushton, 
1996). However, gain of function has been first demonstrated in accordance with the 
present invention. Box W2, like Box W1 , contains a TTGACC element but the rest of 
the element is totally different and these other sequences play an important role as 
a tetramer of Box W1 is a weak element with about 10-fold elicitor inducibility 
whereas Box W2 directs levels of expression up to 100 times higher than Box W1 
with a 50-fold elicitor inducibility. It is shown for the first time that Box W2 alone, as a 
monomer or multimer, is a very strong elicitor-responsive element and that it is also 
active in combination with other elements. 



The sequence of the element used (the monomer) is- 5>- 
actagtTTATTCAGCCATCAAAGTTGACCAATAATtctaga-3' with the element in 
upper case letters and the Spel/Xbal ends in lower case letters. Constructs 
containing 1, 2, 4 and 8 copies of Box W2 were constructed and subjected to the 
transient expression assay. The following results were obtained. 



.135' 



1 xW2 
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minus elicitor Plus elicitor Fold induction 



770 8914 



11 



2XW2 998 46651 46 

4XW2 2375 105685 44 

8XW2 7680 164454 21 

W2 is the strongest elicitor-responsive ds-acting element that has been so far 
tested, eight copies of W2 giving GUS values of approximately 164,000. 



4.3 BoxN 

Box N comes from the potato gst, gene (TTCTAGCCACCAGATTTGACCAAAC; 
SEQ ID NO- 9) and has never previously been defined. It contains both an S Box 
sequence (AGCCACCAGA) and a W Box sequence (TTGACC) within just 25 base 
pairs and as such represents a novel cfe-element composed of two types of elicKor 
response element within a very small stretch of DNA. A tetramer of Box N gives at 
ieast 75-fold elicitor inducibility. This observation suggests three important 
conclusions; firstly that Box N may be extremely useful for biotechnology 
applications, secondly that the core Box S sequence is AGCCACCANA (SEQ ID 
NO- 14) and thirdly that Boxes S and W may represent a common theme ,n plant 
promoters that respond to pathogens as these elements are present in both parsley 
and potato. Box N alone is a strong elicitor-responsive element and extremely 
interesting, as it consists of an S Box (GCCACC) followed by a W Box (TTTGACC). 
The sequence of the element used (the monomer) ,s: 5- 
actagtTTCTAGCCACCAGATTTGACCAAACtctaga-3' with the element in upper case 
letters and the Spel/Xbal ends in lower case letters. A construct with four copies of 
Box N was tested in transient expression assay. The results were as follows. 
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minus elicitor P | us elicitor Fold induction 



4xN 108 5 92980 



85 



Box N is a strong element and shows a very high fold inducibity. This novel 
combination and spacing of W and S Box elements may prove to be very useful for 
biotechnological purposes. 

4.4 Box W^, 

Box Wm* comes from the wild oat a-Amy2/A and wheat a-Amy2/54 genes where it 
has previously been published under the name Box 2 or 02S (see Rushton Plant 
Mol. Biol. 29 (1995), 691-702). It is a c/s-acting element required for the 
transcriptional activation of these genes during germination but has never previously 
been l.nked to a role in pathogenesis. Box W Amy consists of two W Box elements- a 
hexamer 5'-TTGACC-3' embedded in a palindromic 5'-TGAC-N 6 -GTCA-3' As it 
contains both types of sequences together it constitutes a new type of W Box and 
may be a "super W Box". 

The sequence of the element used (the monomer) is- 
actagtGGATTGACTTGACCGTCATCGGCTtctaga-3' with the element in upper ease 
letters and the Spel/Xbal ends in lower case letters. A const™* containing 7 copies 
of Box was constructed and to the transient expression assay. The result is 

shown below. 



minus elicitor Plu s elicitor Fold induction 

260 



7xW Amy 168 43867 



Wmv is a strong elicitor-responsive c/s-acting element and has the highest fold 
.nduction of any W Box that has been so far tested. This element could therefore be 
a particularly effective W Box and could aid the designing of synthetic W Boxes that 
are even more effective 
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Example 5: Synthetic promoters consisting of combinations of the above- 
described elements 

Synthetic promoters composed of combinations of the above elicitor-responsive 
elements have never before been constructed or tested. All elements (Boxes W1, 
W2 S U, D. N and VW are active in combination with each other; monomer, 
dimer and tetramer constructs being active. The furthest downstream element 
(nearest to the TATA Box) has the strongest effect on the synthetic promoter with 
further upstream elements having a much lesser effect. However the combinat.on of 
two or more different types of ris-element may have a much more profound effect on 
expression in plants. In addition the insertion of a spacer region composed of 
anything between 100 base pairs and 1,000 base pairs appears to increase the 
contribution of the more upstream ds-elements. All of these synthetic promoters are 
good candidate promoters that may be rapidly and locally responsive to pathogen 
attack but also show negligible activity in uninfected tissues. These promoters may 
therefore allow the engineering of defence reactions that are closely related to 
natural defence mechanisms without appreciable activity in non-infected cells of the 
plant. 

A large number of combinations have been tested. The results for some of these are 
detailed below. All of these combinations are novel and these constructs represent 
true synthetic promoters. The elements are inserted into the Spel/Xba. sites, as wrth 
all of the constructs, and read from the 5' end to the 3' end i.e 4 x W2/ 4 x S ,s: 
Spel - W2- W2 - W2 - W2 - S- S -S -S- Xbal 

Generally, the elements nearest to the TATA Box (i.e at the 3' end) have the 
greatest effect on both level of expression and fold induction. The effect of the 
upstream elements is often minimal and there is also an inhibitory effect probabty 
due to steric hinderance when different elements are put close together compare 4 
x S/ 4 x W2 with (2 x S/ 2 x W2) x 2. The insertion of spacer regions between 
elements is therefore recommended to alleviate problems due to steric hinderance. 
The results of the transient expression assays are shown below. 
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minus elicitor 



1 x S/ 1 x W2 


1732 


2 x S/ 2 x W2 


1529 


4 x S/ 4 x W2 


2654 


(2 x S/ 2 x W2) x 2 


483 


4 x W2/ 4 x S 


2753 


1 x W2/ 1 x S 


146 


2xS/2xD 


191 


4xS/4xD 


9775 


1 x D/ 1 x S 


32 


4xD/4xS 


6795 


2x W2/2xD 


1762 


4xW2/4xD 


22042 


4 x D/ 4 x W2 


18857 


1 X D/ 1 x W2 


295 



Plus elicitor 

85126 

95872 

64105 

9832 

205826 

2690 

15541 

100265 

1246 

204115 

32462 

92875 

276456 

4369 



Fold induction 

49 

62 

24 

20 

74 

18 

81 

10 

38 

30 

18 

4.2 

14 

14 



Add,ng more copies of an element in a composite construct often increases the 
absolute level of expression (e.g 2 x W2/ 2 x D and 4 x W2/ 4 x D) but often lowers 
the fold induction. In some cases even the absolute level of expression decreases 
(e.g 2 x S/ 2 x W2 and 4 x S/ 4 x W2) and a comparison with (2 x S/ 2 x W2) x 2 
suggests that this is due to steric hinderance as the number of copies of the 
elements is the same, it is just the order that is changed. 

Example 6: Box E17 is capable of mediating elicitor induced gene expression 

Box E17 (TCAATATGTCAATGGTCAACATTCAAC; SEQ ID NO: 15) was isolated 
from the promoter of the parsley EIM7 gene which is known to react to elicitor- 
treatment with transcript accumulation (Somssich, Plant Mol. Biol. 12 (1989) 227 
234). Recently it has been shown that the EIM7 gene reacts very rapidly and 
transiently to elicitor-treatment and pathogen infection. This has never been 
previously described. 



m 
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The sequence of the monomer element used »: 
5'-actagtTCAATATGTCAATGGTCAACATTCAACtctaga-3' with the element in upper 
case letters and the Spel/Xba. ends in lower case letters. Constructs contam.ng 1 
and 2 copies of Box E17 as well as a monomeric reverse complement of Box E17 
were constructed (Figure 4, constructs B109, A109. and 18S1Q2. respectively) and 
subjected to a transient expression assay as described above. As shown in Figure 4, 
the monomer has 5-fold inducibility and the dimer 50-fo.d. In comparison to the other 
cis-elements of the present invention moderate induction was achieved by Box E17. 
Likewise a tetramer of Box E17 was subjected to transient assays (data not shown), 
which resulted in 5- to 20-fold induction following elicitor-treatment. However, th.s 

result cannot be compared to the induction values of the Box E17 constructs 

mentioned above because of diminished quality of the parsley protoplasts used. 

Presumably, the Box E17 tetramer mediates at least an induction as high-fold as the 

respective dimer. 

Similar to cis-elements of Example 4 Box E17 contains two copies of the W-Box 
core motif TGAC, in reverse orientation (GTCA) as tandem repeat seperated by a 3 
bp spacer. The importance of this core motif can be inferred from preliminary 
mutagenesis experiments (Route 4, construe* C109, 17S102, and 15S102). A 1 bp 
deletion within the W-Box motif resutted in complete loss of function in contrast to 
deletions at two different sites having no effect to inducibility. This finding together 
with the resutts of Example 4 led to the definition of the core sequence derived from 
Box E17- GTCANNNGTCA (SEQ ID NO: 16). The element is not identical to any 
Known elicitor-responsive element. However, it is contained in the M4 
oligonucleotide GATTTGGTCAGAAGTCAGTCC, which is a mutated version of a 
sequence derived from the tobacco CHN50 promoter and which actively b,nds 
proteins of nuclear extracts of elicitor-treated tobacco cells (Fukuda; Plant Mol. B,ol. 
34 (1997) 81-87). But since no function with respect to promoter inducibilrty has 
been documented for M4, the element GTCANNNGTCA is for the first time 
described to mediate induction of gene expression upon eWor-treatment and is not 
contained in any other known elicitor-responsive element. 
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Example 7: Chimeric promoters with varying distances of the Box E17 element 
to the minimal promoter are inducable. 

In order to elucidate the optimal position of the Box E17 element within the chimeric 
promoter several constructs with varying distances to the 35S minimal promoter 
were tested (Figures 5 and 6). For this purpose Box E17 was inserted into different 
restriction sites of the ms23 polylinker. After digesting the vector and filling in the 
overhangs the cis-element was blunt ligated into the respective site as a monomer 
or as a dimer. The transient assays were conducted as described above. The results 
(Figure 6) indicate an optimal distance of Box E17 to the 5' end of the minimal 
promoter of 40 to 60 bp (corresponding to the restriction sites BamHI, Clal EcoRI) 
SMI good induction was observed for the Sapl site in 131 bp distance whereas 
considerably weaker response was obtained when Box E17 was inserted into the 
Sail site which is 5 bp upstream of the minimal promoter. 

Example 8: Transgenic plants carrying chimeric promoters 

Transformants were tested for the response of the synthetic promoters to 
pathogens. Cultures of the bacterium pseudomonas (strains Rpt2 or Rpm1) were 
grown in King's-B Medium containing 30 ug/ml kanamycin and 10 0M g/ml rifampicin 
The bacteria were suspended in 10mM MgCI 2 at an O DeO0 of 0.2 and infiltrated 
.nto leaves via a syringe. Controls were performed using 10mM MgCI 2 alone After 6 
hours the leaves were removed from the plants and stained for GUS activity using X- 
Gluc. The expression pattern observed in the transgenic plants containing the GUS 
marker gene under the control of the chimeric promoter of the invention revealed 
expression in tissue infected by Pseudomonas syringae and in some cases also 
local expression in wounded tissues. 

With regard to Box E17 a chimeric promoter comprising the dimer of this element 
(A109, Figure 5) and the 35S minimal promoter was used for transformation of 
Arabidopsis plants. Two to three weeks old seedlings and old leaves of the 
transformants were infiltrated with a 10uM aqueous solution of the bacteria, elicitor 
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Flagellin 22 via a syringe (Felix, Plant Journal 18 (1999) 262-276; Gomez-Gomez, 
PMnt Journal 18 (1999) 277-284) which led to dear GUS activation. High induouon 
was also observed after Infection by a fungal peronospora paras***; and a 
bacterial pathogen (-Pseudomonassynngae;. 

Peronospora infections were carried out according to Dang. e. al. (Genetic def.nrt.on 
„, ,oci involved in Arabidopsis-pathogen interactions. In: Methods in Arabidopsis 
Research (Koncz, Chua and Schell. eds.). Singapore: Wortd Scientific Publ,sh,ng 
Co (1992), 393-418) or Koch (Plant Cell 2 (1990), 437-446). 
On the other hand, mechanical stress induced for example by wounding did not 
activate the chimeric promoter. And surprisingly, no or only mere expression and 
activation of the reporter gene was observed in root which is the organ where the 
EU17 gene is predominantly expressed in parsley. Thus, organ specificity appears 
not to be mediated by Box E1 7. 

Furthermore, expression studies were performed which results are summarized in 
Figure 7 Seven different tetramers of cis-elements were assayed for the.r 
background expression in aerial parts and roots, respectively, and for the.r 
inducibility after wounding, senescence, incompatible and compatible Peronospora 
infection. Some important conclusions can be drawn from these experiments: 
All of these chimeric promoters that are inducible by incompatible stra,ns of 
Peronospora parasfffca are also inducible by compatible strains. This is an important 
observation regarding the present invention as it shows that these constructs could 
be inducible by all potential pathogens and not jus. those for which mere is already a 
functional defense system in operation in the plant 

Although many constructs show induced expression around infection srtes, the 
expression characteristics are different with, for example, some W Boxes (e.g. W2) 
being expressed in an area around the infection site whereas others are expressed 
within me infection site itself. This is an unexpected finding as it shows that withm a 
class of cis-acting elements (W Boxes or GCC/S Boxes) differences in sequence 
outside of the core sequence lead to differences in functionality. 
All of the cis-acting elements of the present invention show inducible expression m a 
heterologous plant (/trab/dops/s). As these elements come from parsley, potato and 
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wheat this clearly shows that these elements could be functional in all 
general functionality of such elements is an important new observation. 



2. 
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CLAIMS 



EPO- Munich 
52 

27. Aug. J999 



ITT Pr0m ° ,er ° aPab,e °' mediaWn9 10031 96ne e "P^" " plants 
upon pathogen infection comprising >> in plants 

(0 a. ,eas, one cis-acting eiemen, sufficient to direct eiicitor-specific 

9 . e nuc|eot „ e sequence o( ^ ^ 

(») a minimal promoter. 

The chimeric promote, of Cairn ,, furlner ^ , 
having the nucleotide sequence of SEQ ID NO: 1 or2. 



•«. The chimeric promoter of any one of claims 1 to a „,h=„- 

form is a dimer or tetramer. ^ Sa ' d mu " ,rne * 



5. 



The chimeric promoter of any one of claims 1 to 4 wherein the min- , 
Promoter is d erive d from the CaMVSSS P^ ^^ 
promoter, or hcbt2 promoter. promoter, pri 

The chimeric promoter of any one of claims 1 to 5 wherein the d,,t 
.etween sai d cis-actino element an d sai d minima, p™ ^ ^ 
«. more preferably 25 to 70 base pairs, an d most preferably 40 tot bat 

The chimeric promoter of any one of claims 1 to 6 wherein a sn ^ • 



it 



a 
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8. 



«i Hoimc; 3 to 7 wherein at least two of 
The chimeric promoter of any one o. da,ms Mo 7. 
said numeric forms are separated by a spacer of between abo 

base pairs. 

nno nf rlaims 1 to 8, wherein the induction of 

foid. 

10 . A recombinant 3 ene conning the ohimertc promoter of any one of Cairns , 
to 9. 

* nons of claim 10, wherein the chimeric promoter is 
11 The recombinant gene ot ciaim iu, 

operatives linked to a heterologous DNA sequence. 

* m or 11 wherein at least one of said cis- 

•■ ~rr.c:~::~ 

the recombinant gene. 

protease, nuclease, lipase, or polymerase 

1 4 A vector comprising the chimeric promoter of any one of claims 1 to 9 or the 
recombinant gene of any one of claims 10 to 13. 

15 . A method for the product o, t^n^, = - 

comprising the introduction of a ch,menc pom*, of any ^ 
a recombinant gene of any one of cla,ms 10 to 13 or the 
into the genome of said piant, plant cel. or plant tissue. 
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16. Plant cells comprising a chimeric promoter of any one of claims 1 to 9 the 
recombinant gene of any one of claims 10 to 13 or the vector of claim 14 
obtainable by the method of claim 15. 



18. 



19. 



or 



1 7. A transgenic plant or plant tissue comprising plant cells of claim 



16. 



The transgenic plant of claim 17, which upon the presence of the chimeric 
promoter or the recombinant gene attained resistance or improved resistance 
against a pathogen the corresponding wild-type plant was susceptible to 



Harvestable parts of a transgenic plant of claim 17 
cells of claim 16. 



or 18 comprising plant 



20. Propagation material of a transgenic plant of claim 
cells of claim 16. 



17 or 18 comprising plant 



21 . A cis-acting element as defined in claim 1 or a multimeric form(s) of any one 
of those as defined in claim 3 or 4. 



22. 



(b) 



A method for the identification of an activator or inhibitor of genes specifically 
expressed in plants upon pathogen infection comprising the steps of 
(a) providing a plant, plant cell, or plant tissue comprising a recombinant 
DNA molecule comprising a readout system operatively linked to the 
chimeric promoter of any one of claims 1 to 9; 

culturing said plant cell or tissue or maintaining said plant in the 
presence of a compound or a sample comprising a p.urality of 
compounds under conditions which permit expression of said readout 

system; 

identifying or verifying a sample and compound, respectively which 
leads to suppression or activation and/or enhancement of expression 
of said readout system in said plant, plant cell, or plant tissue. 



(c) 
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23. 



24. 



25. 



The method of claim 22 further comprising the step of 

( d) subdividing the samples identified in step (c) and repeating steps (a) to 
(c) one or more times. 

The method of claim 22 or 23 further comprising the step of 

(e) identifying and/or isolating from the identified sample the compound 
responsible for said suppression or activation and/or enhancement of 
expression of said readout system in said plant, plant cell, or tissue. 

The method of any one of claims 22 to 24, wherein 

(a) said recombinant DNA molecule is a recombinant gene of any one of 
claims 1 0 to 1 3 or a vector of claim 1 4; 

(b) said plant cell is a plant ceil of claim 1 6; 

(c) said plant tissue is a plant tissue of claim 17, or 

(d) said plant is a plant of claim 1 7 or 1 8. 

A method for preparing a plant elicitor comprising the steps of the method of 
any one of claims 22 to 25 and formulating the compound obtamed or 
identified in step (c) or (e) in a form suitable for the application in agriculture 
or plant cell and tissue culture. 

A compound obtained or identified by the method ot any one of claims 22 to 
26 which is an activator or inhibttor o. gene expression and/or function ,n 

plants. 

28. An antibody specifically recognizing the compound of claim 27 or the cis- 
acting element of claim 21 . 

A diagnostic composition comprising a chimeric promoter of any one of claims 
1 to 9 me recombinant gene of any one of claims 10 to 13, the vector of datm 
14, the compound of claim 27 or the antibody of claim 28. and optionally 
suitable means for detection. 



26. 



27 



29. 
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30. 



31. 



32. 



A kit comprising a chimeric promoter of any one of claims 1 to 9, the 
recombinant gene of any one of claims 10 to 13, the vector of claim 14, the 
compound of claim 27 or the antibody of claim 28. 

A plant protection composition comprising the compound of claim 27. 

Use of a cis-acting element sufficient to direct elicitor-specific expression, a 
chimeric promoter of any one of claims 1 to 9, the recombinant gene of any 
one of claims 10 to 13, the vector of claim 14, the cis-acting element of claim 
21 and/or the compound of claim 27 for the production of pathogen resistant 
plants. 



33. 



Use of a cis-acting element sufficient to direct elicitor-specific expression, the 
chimeric promoter of any one of claims 1 to 9, a recombinant gene of any one 
of claims 10 to 13, a vector of claim 14, the plant cell of claim 16, the plant 
tissue of claim 17, or the plant of claim 17 or 18 for identifying and/or 
producing compounds capable of conferring induced resistance to a pathogen 
in a plant. 



34. 



35. 



36. 



A method of rendering a gene responsive to pathogens comprising inserting 
at least one cis-acting element sufficient to direct elicitor-specific expression 
into the promoter of said gene. 

A method for preparing a promoter capable of mediating local gene 
expression in plants upon pathogen infection comprising operably linking a 
cis-acting element sufficient to direct elicitor-specific expression to a 
transcription initiation sequence of a promoter. 

The method of claim 34 or 35, wherein said cis-acting element is a cis-acting 
element as defined in claim 1 or 2 or a multimeric form thereof as defined in 
any one of claims 3 to 8. 



W. 
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37. 

38. 
39. 



The method of any one of claims 34 to 36, further comprising deleting non- 
specific cis-acting elements in the promoter. 

The promoter obtainable by the method of any one of claims 34 to 37. 
Use of the compound of claim 27 as plant protective agent or herbicide. 



EPO- Munich 
52 



27. Aug. 1999 



SEQUENCE LISTING 

<110> Max-Planck-Gesellschaft zur F6rderung der Wissenschaf ten e.V. 

<120> Chimeric promoters capable of mediating local gene 
expression in plants upon pathogen infection 

<130> D 2111 EP 

<140> 
<141> 

<160> 17 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 7 
<212> DNA 

<213> Petroselinum crispum 

<400> 1 
tttgacc 



<210> 2 
<211> 30 
<212> DNA 

<213> Petroselinum cri spurn 
<400> 2 

cacacttaat ttgaccgagt aacattcgcc 

<210> 3 
<211> 20 
<212> DNA 

<213> Petroselinum crispum 
<400> 3 

ttcagccnnn nnnnttgacc 

<210> 4 
<211> 29 
<212> DNA 

<213> Petroselinum crispum 
<400> 4 

ttattcagcc atcaaagttg accaataat 



<210> 5 
<211> 14 
<212> DNA 

<213> Triticum aestivum 
<400> 5 

tgacnnnnnn gtca 

<210> 6 
<211> 14 
<212> DNA 

<213> Triticum aestivum 
<400> 6 



30 



20 



29 



14 



2 



14 



tgacttgacc gtca 



<210> 7 
<211> 24 
<212> DNA 

<213> Petroselinum crispum 
<400> 7 

cagccaccaa agaggaccca gaat 



24 



<210> 8 
<211> 16 
<212> DNA 

<213> Solanum tuberosum 
<400> 8 

gccaccnnnt ttgacc 



16 



<210> 9 
<211> 25 
<212> DNA 

<213> Solanum tuberosum 
<400> 9 

ttctagccac cagatttgac caaac 



25 



<210> 10 
<211> 24 
<212> DNA 

<213> Triticum aestivum 
<400> 10 

ggattgactt gaccgtcatc ggct 



24 



<210> 11 
<211> 31 
<212> DNA 

<213> Petroselinum crispum 
<400> 11 

tacaattcaa acattgttca aacaaggaac c 



31 



<210> 12 
<211> 15 
<212> DNA 

<213> Petroselinum crispum 
<400> 12 

agttgaaatt caata 



15 



<210> 13 
<211> 30 
<212> DNA 

<213> Petroselinum crispum 
<400> 13 

agttgaaatt caataagttg aaattcaata 



30 



<210> 14 



3 



<211> 10 
<212> DNA 

<213> Petroselinum crispum 

<400> 14 
agccaccana 



<210> 15 
<211> 27 
<212> DNA 

<213> Petroselinum crispum 
<400> 15 

tcaatatgtc aatggtcaac attcaac 

<210> 16 
<211> 11 
<212> DNA 

<213> Petroselinum crispum 

<400> 16 
gtcannngtc a 

<210> 17 
<211> 4299 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> SatSf JS g £ Art "-ial Sequence: synthet 



10 



27 



11 



ic, no 



<400> 17 
aggtggcact 
ttcaaatatg 
aaggaagagt 
ttgccttcct 
gttgggtgca 
ttttcgcccc 
ggtattatcc 
gaatgacttg 
aagagaatta 
gacaacgatc 
aactcgcctt 
caccacgatg 
tactctagct 
acttctgcgc 
gcgtgggtct 
agttatctac 
gataggtgcc 
ttagattgat 
taatctcatg 
agaaaagatc 
aacaaaaaaa 
ttttccgaag 
gccgtagtta 
aatcctgtta 
aagacgatag 
gcccagcttg 
aagcgccacg 
aacaggagag 
cgggtttcgc 
cctatggaaa 
tgctcacatg 



tttcggggaa 
tatccgctca 
atgagtattc 
gtttttgctc 
cgagtgggtt 
gaagaacgtt 
cgtattgacg 
gtt gag tact 
tgcagtgctg 
ggaggaccga 
gatcgttggg 
cctgtagcaa 
tcccggcaac 
tcggcccttc 
cgcggtatca 
acgacgggga 
tcactgatta 
ttaaaacttc 
accaaaatcc 
aaaggatctt 
ccaccgctac 
gtaactggct 
ggccaccact 
ccagtggctg 
ttaccggata 
gagcgaacga 
cttcccgaag 
cgcacgaggg 
cacctctgac 
aacgccagca 
ttctttcctg 



atgtgcgcgg 
tgagacaata 
aacatttccg 
acccagaaac 
acatcgaact 
ttccaatgat 
ccgggcaaga 
caccagtcac 
ccataaccat 
aggagctaac 
aaccggagct 
tggcaacaac 
aattaataga 
cggctggctg 
ttgcagcact 
gtcaggcaac 
agcattggta 
atttttaatt 
cttaacgtga 
cttgagatcc 
cagcggtggt 
tcagcagagc 
tcaagaactc 
ctgccagtgg 
aggcgcagcg 
cctacaccga 
ggagaaaggc 
agcttccagg 
ttgagcgtcg 
acgcggcctt 
cgttatcccc 



aacccctatt 
accctgataa 
tgtcgccctt 
gctggtgaaa 
ggatctcaac 
gagcactttt 
gcaactcggt 
agaaaagcat 
gagtgataac 
cgcttttttg 
gaatgaagcc 
gttgcgcaaa 
ctggatggag 
gtttattgct 

ggggccagat 

tatggatgaa 
actgtcagac 
taaaaggatc 
gttttcgttc 
tttttttctg 
ttgtttgccg 
gcagatacca 
tgtagcaccg 
cgataagtcg 
gtcgggctga 
actgagatac 
ggacaggtat 
gggaaacgcc 
atttttgtga 
tttacggttc 
tgattctgtg 



tgtttatttt 
atgcttcaat 
attccctttt 
gtaaaagatg 
agcggtaaga 
aaagttctgc 
cgccgcatac 
cttacggatg 
actgcggcca 
cacaacatgg 
ataccaaacg 
ctattaactg 
gcggataaag 
gataaatctg 
ggtaagccct 
cgaaatagac 
caagtttact 
taggtgaaga 
cactgagcgt 
cgcgtaatct 
gatcaagagc 
aatactgtcc 
cctacatacc 
tgtcttaccg 
acggggggtt 
ctacagcgtg 
ccggtaagcg 
tggtatcttt 
tgctcgtcag 
ctggcctttt 
gataaccgta 



tctaaataca 
aatattgaaa 
ttgcggcatt 
ctgaagatca 
tccttgagag 
tatgtggcgc 
actattctca 
gcatgacagt 
acttacttct 
gggatcatgt 
acgagcgtga 
gcgaactact 
ttgcaggacc 
gagccggtga 
cccgtatcgt 
agatcgctga 
catatatact 
tcctttttga 
cagaccccgt 
gctgcttgca 
taccaactct 
ttctagtgta 
tcgctctgct 
ggttggactc 
cgtgcacaca 
agcattgaga 
gcagggtcgg 
atagtcctgt 

gggggcggag 

gctggccttt 
ttaccgcctt 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
1860 



8 



tgagtgagct gataccgctc ~gag cgcagcgagt ejgggg |||0 

KESS SS SSSSSS SSSSS ESSE 

Iglctlgagt cs*M»»s ??"tc£K cffiagSIc cjcaaeccgt: gaaatcaaa. 2160 

SSSSSSS S3SSS i • |I sssss SEEKS 
USEES SSSSE =S ^ |s ss-g «S 
UE2SS 2SS3 i™£ 52£SE ESSSE | 

kssse esses -ill I k sssss esses 

SSSS S~ i K ESSES esses 
SSSSE SSSSS S ? H £S SESSS S3ES3 

sssss: sk ' il l see usees ssss 

Lolcgcatt aatgg.ctgg »"?fff SSSStcgt ggtgattg.t gaaa=tgctg 31B0 
SSSSS EESSS KSSJS gtScgaagc ggjcaacaag c™j 

jssss sssss rssss ^ < j^t- ^ s 

^a fl ?accca tccgcaaggt gcacgggaac ^tctacaac gctcacaccg 3480 

gacgcgtccg atcacctgcg £aatgtaat gtcggj, Iggtatgtcc 3540 
ttaccatcag cgatctcttt ^tgtgctgt |cctgaac g cfctctg gcct ggcagg 3600 

SSSSS S2ESS ™!S S5SSS SS5SS 

ESSES ESSES I I SSESS ESSES ESSE 

sssss sssss H Hi Histsi ss esses? 

gtgaaaaacc gcagcaggga 9^aaacaat Iccgggtacc tgatcatgag taattagctc 4020 
cgctacagcc tcgggaattg cta ^?agot cccgro ttaa g a ttga atcctgttgc 4080 

aaatttcccc gatcgttcaa acatttggca ^taaagc ttaagcatg taataattaa 4140 

III III m is? — — s 
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Fig. 1 



Restriction map of plasmid ms23 



NlalV 
Acil 
Hhal 
Thai 



AGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACA 



61 



TCCAC CGTGAAAAGC C C CTTTACACGCGCCTTGGGGATAAACAAATAAAAAGATTTATGT 

Nlalll 
BciVI 
Real 
BsmAI 
BsrBI 
Acil 



+ 60 



Sspl Earl 
TTCAAATATGTATCCGCT^ 

AAGTTTATA CAT AGGCGAG TACT CTGTTATT^ 120 



MboII 
I 



MslI 



Fnu4HI 
Taul 

Acil] 



-CTTTTTTGC 



AAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTG 
121 + + + + + 1Q0 

TTCCTTCTCATACTCATAAGTTGTAAAGGCACAGCGGGAATAAGGGAAAAAACGCCGTAA 



181 



Dpnl 

SfaNI Sau3AI 
KP* 1 * Tagil HphI Taqll | 

TTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAA 

AACGGAJ^GGACAAAAACGAGTGGGTCTTTGCGACCACTT^ 240 



MasIII 
Eco57I 
BsiHKAI 
Bspl286I 
BssSI ' 
BseSI 
CviRI 
ApaLI 
MboII ' 



Smll 
Dpnl 
BstYI 
Sau3AI 
Alwl 
Acil 



241 



BsrI 
Dpnl 
BstYI 
Sau3AI 
TaqI UbaLI 

GTTGGGTGGACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAG 
CAACCCACGTGCTCLACCCAATGTAGCTTGACCTAGAGTTGTCGCCAT 3 ° ° 



MspAlI 
Alwl 



Acil 
Bce83I 



MboII 
Tail 
Xmnl 



BsiHKAI 
Bspl286I 



Dral 
Ms el 



Acil 
Hhal 
Thai 



TTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGC 



Fig . 1 (cont . ) 
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301 



360 



BscGI 



Bcgl 
BsaHI 



Hgal 
Taqll 
Neil 
ScrFI 
Mspl 



i I 



Acil 
Fnu4HI 
Taul 
BsiEI 



BseMII 
Ddel 
Bcgl 
I 



36 



c^tattatc<Wt^ 420 
1 emmi^ 



Rsal 
Seal 
Tat I 
HphI | 



Maelll 
Tsp45I 
BsrI I 



Fokl 
Bed Bst4CI 
SfaNI iNlalll 



421 



GAATCACTTGgItGAGTACTCA^ 480 

+ A ' Z'~LZ 1 l« mrtw t,mm/Vi A 7\ TrU^HTa P POT ACTGTCA 



CTTACTGAACCAACTCATGAGTi 



'GGTCAGTGTCTTTTCGTAGAATGCCTACCGTACTGTCA 



Tsp509I 
Bbvl I 

ll 



TspRI 
Fnu4HI 
Tsel 
BtSl 
CviRI 1 



Nlalll 
MslI j 



CviJI 
Haelll 
TspRI 
Eael ' 
Fnu4HI 
Gdill 
Taul 
Acil 
Btsi 



CjePI I 



AAGAGAATTATGCAGTGCTGCCATAACCATGA 54 

48i - - : :i: izzzr Z i^^i^ •j^pqqxactcactattgtgacgccggttgaatgaaga 



TTCTCTTAATACGTCACGACGGTA' 



Avail 
Sau9 6I 

cjep:: 

BsiEI 
Pvul 
Dpnl 



Sau3AI 
Mnll 

GAC 



Alwl 
Nlalll 
Maelll 
Dpnl 
Sau3AI 



CviRI Nlalll 



Alul Taqll 
CviJI Aci * 

^CAACGATCC^AGGACCGAAGGAGCTAACCGCTTTTTTG 
541 CTGTTOCTAGCCTCCT 

M t SfaNI 
AcelH Mspl _ _ Maelll 



600 



Dpnl 
Sau3AI I 



BsaWI 
NlalVl 
ll 



Alul 
CviJI 



CviJI 



Tsp45I 



601 



AACKBCCrkira 660 
+ + - - - - " ^^^q^q«^^c7^cGGTATGGTTTGCTGCTCGCACT 



TTGAGCGGAACTAGCAACCCTTGGC 



MslI 



Sf Cl 



Hhal 
Fspl 
Tail 
BsrDI Acil 



Msel 



BsrI 



CACCACGATGCCTGTAGCAATGGCAACAACGTTGCG ^ 
661 GTGG'TCCTACGGACATCGTTACCGT^ 

Msel 



Fig.1 (cont. ) 
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Alul Mspl 
CviJi Neil 
Bfal IScrFI 



Vs P* 
Tsp509I 



Mill I 



Bed 
Bsrl 



Ecil 
AciljFokl 



Avail 
Sau9 6I 
CviRi 



ATQAGATCXSAAGGGCCGTTO^* ~ZZZ±Z ' + — - jr™ T _ iGCA< 



TTAATTATCTGACCTACCTC CGCCTAT 



■GGACC 



CviJl 
Haelll 
Sau96I 
Hhal | 



CviJi 
Cac8l 
CviJi 
Bgll 
Mspl 
Mwol 



?8i »5!T^f^?? ? cc^o^c^ mATOCTCAT4AaTCTCO i I 



TTCAAOGTCCTCG 78 ° 



Mspl 
BsrFI 
CviJi 
NlalV 



840 



TTAGACCTCGGCCACT 



Siml 
Hin4I 



Acil 
Bsal 
* BsmAI 
Thai 
Bpml 
HphI* 



Bccl 
Bfil 
Bbvl | 
CviJi 



Fnu4HI 
CviRi I 
BsrDI Tsel 



84 



Haelir 

Bsrl 
NlalV 
TspRl 
Sau96l| 

1 I 



r ,. TT „ Pf 111081 
CvxJi BscGI Mnlll 



Hinfl 
Ahdl 

HaelV 

Hin4I 
BscGI I 

If 



CGTCGTGACCCCGGTCTACCATTCGGG. 



Plel 
I 



AGGGCATAGCA 



BseMII 
Dpnl 
Sau3AI 
F °kl I DdeI 



TCAATAGATGTCCTCCCCCTCAGTCrr ^ n + ^^ATCGCTGA 



TCAGTCCGTTGATACCTACTTGCTTTATC 



NlalV 
Banl 



I 



Mill I 
Msel 
TspRl 

( 



"TGTCTAGCGACT 96 ° 



Maelll 



Bst4CI 
CjePI 



Dpnl 
BstYI | 
Sau3AI 
Alwl 
Alvl| 
Bfal 
Dpnl 
BstYI I 
m Sau3AI 
Tsp509I Dral I 

MseljMsell Hp Mbori 

aatctaactaaattttgaagtaaaaattaXat^tcct? ^ Z.UL ~ ~ 



Dral 
CjePI Msel I 

TTAGATTGATTTAAA.2 



rAGATCCACTTCTAGGAAAAACT 



1080 



Hgal 



fit 



Fig- 1 (cont . ) 



Nlalll 
Real I 



Msel 
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UbaLI 
Bsp24I 
CjePI 
Cjel 
Tail 



i l 



TspRI 
BseMII 
Ddel I 



BscGI 



SimI 



1081 



TAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTC^ 
ATTAGAGTACTC 



Sau3AI 

Cjel 
CjePI 
Bsp24I ' 



Dpnl 
BstYI 
Sau3AI 
MboII 
Dpnl 



Dpnl 
BstYI 
Sau3AI 
Alwl 
Smll 
Alwl 



AGAAAAGATCAAAGGATCTTCTT 



Tthlllll 
Bce83I 
Hhal 
Thai 

Bbvl 




CviRI 
Cac8I 
Fnu4HI 
Tsel 



1141 



1200 



XCTTTTCTAGTTTCCTAGAAGAACTCTAGGAAAAAAAGACGCG 



HgiEII 

Acil 
MspAlI 
Tthlllll 
Tthlllll 

Acil 
Cjel 
Cjel ' 



Dpnl 
Sau3AI 
Mspl I 



Alul 
CviJI 
Alwl" 
Cjel 
Cjel 



CjePI 



1201 



AACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTT 
T'TOTTT^TTC 



1260 



Maelll 



Eco57I 



BsrI 
CviJI I 
II 



CjePI 
Hhal 
Bsp24I 
CjePI 

cje ti 



Beef I 
Bst4Cl| 
II 



Bfal 



TTTTCCGAAC^TAACTGGOT , ,- n 

+ + + + + + 

AAAAGGCTTCCATTCACCXSAAGTCGT^ 



1261 



Cjel 
CjePI 
Bsp24l" 
CviJI 



CviJI 
Hael 
Haelll 
BslI 



Sfcl 



Acil 



Mnll 



I 



1321 



GCCGTAGITAGGCCACCACTTCAAGAACTCTGTAG 138Q 
CGGCATCAATCCGGTGGTG 

BsrI 
Fnu4HI 
Tsel 
Fnu4HI 
TspRI 
AlwNI 



Bbvl 
Maelll 
Bbvl 



CviJI 
BsrI Tsel 



Mmel 
TspRI 



Plel 
Neil 
ScrFI 
Bce83I Mspl 



Smll 
Hinf I 



AATCCT^TTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTC 
1381 XTAG^icAATGGTc£.CCGACGACGGTCACCGCTATTCAGCAC^ 

Bbvl 



Fig.1 (cont.) 
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BsaWi 
Maelll 
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BsiEI 
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MspAlI 
Fnu4HI 
Hhal 
Tsel 



1441 



AAGACGATAGTTACCGGATAAGGCGCAGCGG T< 



+ 



BscGI 



BsiHKAI 
Bspl286I 
BseSI 
CviRl 
ApaLI | 



'CGGGCTGAACGGGGGGTTCGTGCACACA 



TTCTGCTATCAATGGCCTATTCCGCGTCGCCAGCCCGACTTOCCC^ 1500 



Alul 

CviJI CViJ | BseMII 
CvxJ f | Ddell 

^^GCTT^AGCGAACGACCTACACCGAACTCAGA 



Sfcl 



1501 



■TACCTACAGCGTGAGCATTCAGA 
^^CGAACCTCGCTTGCTTC 1560 



Haell 
Hhal 



Ecil 
Acil | 



Mspl 
BsaWI 
Mmel 



Fnu4HI 
Taul 
Acil 
BciVI 
BslI 



SimI 



1561 ^-^^^^^ 

TTCGCGGTGCGAAGGGCTTCCrTr^^n^^^mZZ; " tZZZZIZZ''^' + 



CAGCC 



1620 



BssSI 
Hhal 
Mnll 

I 



ScrFI 
BsaJI 
EcoRII 
Alul I 
CviJI 



ScrFI 
EcoRII J 



1621 

TTGTCCTCTCGCGTGCTCCCTCGAAGGTCCCCCT^^^^ * ^ ZZZZZZ tZZZZ " - - — + 1680 



:tttgcggaccatagaaatatcaggaca 



DrdI 
MnlljSfaWI 



1681 



Hgal smll IjTaqlT 
CGGGTTTCGCCACCTCTGACTTGAGCGTC 



Bce83I 



CviJI 
NlalV 
Ecil 
Acil I 

II 



CCTCTGAC^AGCGTCGATO 

3GAGACTCZ A a rrnnn a r> * , , * ZZZZ^LZZZZ 1 1 7 " * + + 



GCCCAAAGCGGTGGAGACTGAACTCGCAGCTAAAA 



VACACTACGAGCAGTCCCCCOGCCTC 



1740 



CviJI 
Haelll 
Cjel 
Fixu4HI 
Taul 
Acil 
Thai 
Mwol 
Cac8I j 



Bst4CI 
BslI 



CviJI 
Hael 
Haelll 
ScrFI 
EcoRII 
NlalV 



Cjel 
CviJI 

Hael 
Haelll 
Cac8I 
BslI I 

I I 



1741 

GGATACCTTTTTGCGGTCGTTCCGCCaa^^ 18001 



Nlalll 
Nspl 

AflHI 
BspLUllI 



Hinf I 
Tfil 



Acelll 

j j x "f Bst4CI Acil : 

1801 ---^^^ 

+ + + + I860' 
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ACGAGTGTACAAGAAAGGACGCAATAGGGGACTAAGACACCT 



Alul 
CviJI 



CviJI 
Fnu4HI 
Tsel 
Acil 
Fnu4HI 
Taul 
Cac8I 
BsrBI 
Acil 
Mwol I 



Kinf .L 
Fnu4HI 
Bbvl Hhal 
BsiEI Tsel 



TspRI 
Plel 
Bbvl 
Mnll 
Taall 



TGAGTGAGCTCATACCGCTCGCCGCAGCCGAACGAC^ i92Q 

1861 — " ^tcgIcta^ 



ACTCAC 



Hinf I 
Tf il 
CviJI 
Kaelll 
Eael 
Gdill 
Faul 



Acil 
Earl 
Sap I 



Mwol 
MboII 
Haell 
Hhal 



BsaXl 
Acil I 



BslI 
Hhal 
Thai 
Mnll 
Thai 



Acil 



CjePI 
Msel 
Vspl 
I 



ggLgcggaagagcgcccaa^^ x 
1 cotcgot 



TaqI 
BccI 
Dpnl 
NlalV 
BamHI ' 



EcoRI 
Tsp509I 
Alwl 
Clal 



Hhal 
Cac8I 
Hhal 
' Thai 
AscI 
BssHII 
CjePI 
Apol 



BsrFI 
NgoAIV 
Mwol 
Bfal 
Spel 



CviRI 
Cac8I 
Sfcl 
CviJI 
Haelll 
Cac8I 
Mspl 
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Bbvl 
CviJI 



Fig. 1 (cont. ) 
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Dpnl 
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Acil 
MspAl I 
Fnu4HI 
CviRI | 
Tsel 



198 



1 

TACgt cgCCTAGTTCGAACCTAraTaan™ nw* *™™~Z~l"Zllt Z Z Z ~~ + 



TACg t cgCCTAGTTCGAACCTAGGTAGC 

Plel 
Acil 
BsiEI 
Hindi 
AccI 
TagI 
Sail 
Hinf I 
Bfal 
Xbal 



TACTTAAGCCGCGCGGTGATCACGGCCGGACG 



2040 



PstI 



Hin4I 

J I 



Mnll 
I 



Mnll 



>04i ~~™ C :*^^ 

TCAGATCTO^^ 2100 



Avail 
Nlalll 
Sau96I 
BsaJI 
BstDSI 
CviJl 
Hael 
Haelll 
MscI 
Eael 



Mwol 
Bsp24I 
CjePI 
Cjel 
TagI 
Aval 
Smll 

Xhol | 



Ncol 
Sty I 



Sfcl 



BscGI 
Cjel 
CjePI 
Bsp24I ' 



Bsp24I 
Cjel 
CjePI 



2101 

CTGTGCGAGCTCACCGGT^^ 21 



60 



Dpnl 
Bell 
Sau3AI 
TspS09I 
Bst4CI 
Alwl 



TagI CviJl 



RleAI 



Haelll 



Krul 
Thai 
Cjel 
Dpnl 
CjePI 
Bsp24I 
Bcefl | 
Bsml Sau3AI 



CjePI 



AACTCGACGGCCTGTGC^^ 
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2161 T*TCAGCTGCCGGAC^ 



CjePI 
Maelll 
Hhal 
Thai 



Muni 
Tsp509I 
Neil 
ScrFI 
Mspl 



CviJI 



ScrFI 
EcoRII I 



SfaNI 
Dpnl 
Sau3AI 
Msel I 



GGTGGGAAAGCGCGTTACAAGAAAGCCGGGCAATTGCTGTC ^ q 

2221 cacccmcGccw-TCTO^ 



CviRI 



Faul 
Tsp509I 

! 



Cac8I 
Acil 



Tail 



Hhal 
Thai 



'22 8 



agttcgccgatgcagatattcg^^ 2340 
1 tc^cotc^ 



Cac8I 
Bbvl 
CviJI 
Hael 
Haelll 
Cac8I 



Fnu4HI 
SfaNI 
Tsel 
Mwol I 
I I 



Maelll 
Tsp45I 
TaqI AcxI 1 

! 



RleAI 



2341 



ttataccgaaaggttgggcagg^ 2400 
^ta^cotc^ 



Beef I 
SimI I 



HaelV 
Hin4I 
BccI 



CviJI 
Fnu4HI 
SfaNI 
Taul 
Acil 



ACGGCAAAGTCTCTCTCAATAATCAGGAAGTC^ 24SQ 
2401 TGCCGTITCA^CCCAGTT 



Maelll 
Tsp45I 
CviJI 
Bcefl 



Neil 
ScrFI 
Mspl | 



Tail 
BsaAI 
SnaBI 
Rsal 
HphI 



Bst4CI CjePI 



2461 



TTGAAGCCGATGTCACGCCGTATGTTATTGCCGGGAA 252Q 



^ctccgg™ 



BsrI 
I 



Faul 
Neil 
ScrFI 
CjePI 
Mspl 
Acil I 



HphI 



2521 



TGAACAACGAACTGAACTGG^ 
IcTOCTGCTTGACTTGACCOT 



2580 



Bcefl 
I 



Nlalll 



Msel 



Hinfl Fnu4HI 
Tfil Tsel 
Mspl I BccI 



GCAAGAAAAAGCAGTCTTACTTCCATGATTTCTTTAACTATG 264:0 
2581 COTCTimC^ 



Fig. 1 (cont. ) 



Bbvl 



MslI 
ScrFI 
BsaJI 
Taqll EcoRIll 

ll 
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Maelll 
Tsp45I 
MslI 
Bst4CI 
BsaJI 
BstDSI 
HphI EcoRV I 



Thai 
Hgal 
HphI 

Mwol 

Nlalli 
Nspl 
PshAI I 



2641 T'^T?^^ 

ATTACGAGATGTGGTGCGGCTTGTGGAC^ 



2700 



Bst4CI Thai 
Maelll Afllll 



Hhal Hgal 

I i 

CGCAAGACT 



Mlul 



Hindi 
BspMI I 



CviJI 
Hael 
Haelll 
Aarl MscI 
Bsrl | Eael | 



HphI 



!z 7oi rr ™ A ?TJT^ 

I GCGTTCTGACATTGGTGCGCAGAC^ 27 



60 



SfaNI 



Dpnl 
Sau3AI 
BsaBI 
Acil 



Acil 
Bsrl Bfal 
Alwl CviRl BspGI jFaul I 

aacttoacsca^^ 2820 



Hinfl 
Tfil Mwol 
CviRI BsmFI [Acil HphI 



Neil 
ScrFI 
Mill I 
Mspl 



Hgal 
HphI I 



Maelll 
Tsp45I 
Bst4CI 



BslI 

\l 8 2 1 

\ ACGTTCACCACTTAGGCGTGGAGACCG^GGC^ 2880 



CviJI 
Cjel 



CviJI 



Cjel 
Acil 
Hgal | Faul 
EcoRV j Fokl Thai 



Mspl BslI 
BsaWllsfaNl! 



2881 T J^?!: G J:^ 

AGTCTCGGTTT^ 2940 



Btsl 
TspRI | TspRI 



AlwNI 

c 3' eI Cjel 
Bst4CI j 'Msel Bst4Cl| 



Cjel 
Bsrl 
CviJI I 

ll 



2941 

ACCGTCACTTCCCGC^GTCAAGGACT^ 3000 



MslI 
Nlalli 
Real | 
SfaNI 



MboII 
Bcgl 
Acil ' 
Cjel 



TaqI 
Hinfl 
Tfil 



BsiHKAI 
Bspl286I 
BseSI 
CviRl 

ApaLI 

Mwol " 



Bed 
Tail Bcgl I 



3ooi ^l?^:^^ 



CAGCAGTACTTCTACGCCTGAACGCACTO^ 



3060 



ACGTGC 
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Msel 
Vspl 



CviJj. 
Haelll 
Nlaiv 
Sau96I 
BsrI 



Rsal 
Bst4CI 



Earl 
Sf aNI 



Mnll 



3061 



i^CCACGCA.TTAATGGACTGGATTGGGGCCAACTCCTACCGTACCTCGCATTACCCTTACG 

+ + + + + + 3120 

TGGTGCGTAATTACCTGACCTAACCCCGGTTGAGGATGGCATGGAGCGTAATGGGAATGC 



Bf il 
MboII Eco57I 



TaqI 



BsrI 



Nlalll 



Bbvl 
Sf aNI 
MslI 



Fnu4HI 
Tsel 

HphI 



3121 



CTGAAGAGATGCTCGACTGGGCAGATGAACATGGC^-TCGTGGTGATTGATGAAACTGCTG 

— — — — + — — — — — — — — — — — — — — — — — _ _ _ _ — + — — — — — — — — — 3180 

GAC*^CTCTACGAGCTGACCCGTCTACTTGTACCGTAGCACCACTAACTACTTTGACGAC 



Msel 



CviJI 



Bcgl 



Mnll 



NspV 
TaqI 



Faul 



Cac8I 
Acil 



CviJI 
Bcgl I 
I 



3181 



CTGTCGGCTTTAACCTCTCTTTAGGCATTGGTTTCGAAGCGGGCAACAAGCCGAAAGAA ^ 



GACAGCCGAAATTGGAGAGAAATCCGTAACCAAAGCTTCGCCCGTTGTTCGGCTTTCTTG 



Mnll 
Earl 
Rsal 
BsrGI 
Bst4CI 
Tat I 



BscGI 
MboII 
Hindi 
i 



BseMII 
Ddel 



Hhal 



TGTACAGCGAAGAGGCAGTCAACGGGGAAAC 



Cac8I 



Acelll 



Msel 



3241 



'CAGCAAGCGCACTTACAGGCGATTAAAG 
+ + + 3300 



ACATGTCGCTTCTCCGTCAGTTGCCCCTTTGAGTCGTTCGCGTGAATGTCCGCTAA , 



TTTC 



Alul 
CviJI 



Maelll 
Tsp45I 
Hhal 
Thai 
Mwol 
I 



Cjel 



BslI TaqI I 



Mspl 
BsaWI 
BciVI 
HphI Cjel I 



3301 



AGCTGATAGCGCGTGACAAAAACCACCCAAGCGTGGTGATGTGGAGTATTGCCAACGAA 
TCGACTATC^^ 



3360 



Acil 



BscGI 



BscGI 
BsiHKAI 
Bspl286I 
BseSI 
CviRI 
ApaLI 



Hhal 



BsrI 
Ecil 
TspRI 
Acil 



Sspl Thai 



Mwol 



Thai 
AflHI 
Mlul 



CGGATACCCGTCCGCAAGGTGCACGGGAATATTTCGCGC 

3361 + + + + + + 3420 

GCCTATGGGCJIGGCGTTCCACGTGCCCTTATAAAGCGCGGTGACCGCCTTCGTTGCGCAT 

Dpnl 
Hgal 
Sau3AI 
Hgal 
HphI 

SimI Thai 



TaqI 
Hgal ' 



AflHI 
Mlul 



Aarl BspMI 



3421 



Hgal 
CjePI I 

,. I' 
AACTCGACCCGACGCGTCCGATCACCTGCGTCAATGTAATGTTCTGCGACGCTCACACCG 

— __ — — _ — _. — 4. _ _ — — — — — — — +. — — _ — — -. — — — + — — — — — — — — — +—————————+ 3480 



ffHMrfl^i 2-1999; 



Fig.l (cont. ) 
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TTGAGCTGGGCTGCGCAGGCTAGTGGACGCAGTTACATTACAAGACGCTGCGAGTGTGGC 



Bed 
I 



Dpnl 
Sau3AI 



CjePI 



Bst4Cr 



HaelV 
Hin4I 
Bed I 



3481 ^^^^ 

^^TAGTCGCTAGAGAAACTACACGA^ 3 540 



Fnu4KI 
Taul 
Acil 
Fokl 



Bsrl 
Bcefl I 
Rsal 



ScrFI 
CviJi 
EcoRIl 
Hael 
Haelll 



3541 

^^COGCTAJUlCCTTTGra 



+ 3600 



BsaBI 
Hphl 
SfaNI 
CviRI CviJi 



BciVI 



CviJi 
Bbvl Bcefl 
Bsglj Tail 



CviRI 
Fnu4HI 
CviJT 
Tsel 
Neil 
ScrFI 
Mspl 



,601 

TCTTTGACGTAGTCGGCTAATAGTAGTGGCTTATGCCGCACCTATC 3660 



Earl 
Nlalli 
Nspl 
BslI 
AfllH 
BspLUllI 
Rsal 
BsrGI 
Tat I | MslI 



CviJI 
Nlalll 
CviRI 
TspRI 
MboII j 



BsaBI 
Hgal 
Hphl I 



1661 A --^T^^ 

TGAGTTACATGTGGCTCTAC^CCTCAC^^^- ™- ^'ZHIH: t' + 



Thai 
Hgal Dpnl 
Thai Sau3AI 
Acil I I Beef I 



:ttctcatagtovcacgtaccgacctatacatag 



3720 



CjePI 
Hael I 
Hhal 



Apol 
Tsp509I 
Hphl ' 



CjePI 
Mwol 



3721 --^ G !?T^ 

*»«^^ 3780. 



Hhal 
Thai 

Mnll Mwol I 



Maelll 
Acil 



Alwl 
Hin4I 
Dpnl 
BstYI 



Sau3AI 
MboII ( 



37 



Mm I 
Thai 



81 ™^^G^ 

AACGCTGGAGCGTTCCGTATAACGCGCAACCGCC^TT 



3840 



CviJI 



Acil 
BsiEI 



Fig . 1 (cont . ) 

Fnu4HI 
Taul 
Acil 
Bbvl I 
I I 



12/20 



CviRI 
Fnu4HI 
Tsel 



Mwol 



BsdGI 



Bcgl 



Nlalll 
BsrI 



ACCGCAAACCGAAGTCGGCGGCTTT^ 
3841 T<^CGTTTTCOT^ 



3900 



BslI 
Bcgl 
Fnu4HI 
HphI 
Mnll 
Tsel 
Acil 



ScrFI 
EcoRII 
Bcgl 
Tthlllll' 



Bbvl 



Kinf I 
Tf il 



GTGAAAAACCGCAGCA* 



.GGGAGGCAAACAATGAATCAACAACTCTCCTGGCGCACCATCGT 



Bed 



Hhal 



3901 -■ 



3960 



CAC^TTTGG CGTCGTCCCTC CGTTTGTTACTTAGTTGTTGAGAGG AC CGCGTGGT AG CA 



Bell 
Sau3AI 
Kpnl 
NlalV 
Rsal 
BanI 
Neil 



Tsp509I 
Nlalll 
Real 
Dpnl 



Tsp509I 
Aval 
BsaJI 



CviJI 



Sfcl 



Bcgl 



Mnll 



ScrFI 
Smal 
Mspl 
Neil 
ScrFI 
Aval 
BsaJI 
BanI I 
BsiHKAI 
Bspl286I 
SacI 
Alul 
CviJI 
I 



TaqI 
Alul 
CviJI 



CGCTACAGCCTCGC^AATTGCTACCGAGCTcccgggt acctgat catgagt aat tagc tC 
3961 GCGATGTC^^^ 



BsiEI 
Fvul 
Dpnl 
S^lu3AI 



Msel 
Af III 
Tthlllll Smll 



{ Apol 
|Tsp509I 

GAATTTCCCCGATCGTTCAAACATTTGGCAATAAAGTTTC 



Hinf I 
Tf il 



Mspl 
BslI 
BsrFI 



4021 



■ + 



+ 4080 



CTTAAAGGGG CTAG 



^GTTTGTAAACCGTTATTTCAAAGAATTCTAACTTAGGACA 



LACG 



Mwol 



BsaBI TSP509I 



Tsp509I 



MS8l 
Tail 



AflHI 
BspLUllI 
Msel 
Tsp509I 
Nlalll 
Nspl 



CGGTCTTGCGATGATTATCATATAATTTCTGTT 4l4Q 
° 8 1 GCCAGAACGCTACT^-TAGTAT 



Fig . 1 (cont. ) 
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Nspl 



Nlalli 
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CviRi 



Tail 
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BsmFI 
Bed 



CATGTAATGCATG a 
4141 + V 



Plel 
Tsp509I 
Hinfl Acil j Faul 



GTACATTACGTACTGCAJ 



cgttat™ 

GCh mz\z\Tn r-rnn^X^Z * T * til Z 111 ~ " + -f- 



ATAAATACTCTACCCAAAAATACTAATCTCAGGGCGTO^TAT 



4200 



MssI 



Thai 



Hhal 
Cac8I 
Hhal 
Thai 
BssHII 



Bfal 



HaelV 
Hin4I 
TspSOSI 



4201 



CATTTAATACGCGATAGAAAACAAAATATAGCGCGCA2 



Acil 
Hhal 
Thai 
Cac8I 
Hhal 
Thai 



BssHII 
Thai 



AACTAGGATAAATTATCGCGCGC 



GTAAATTATGCGCTATCTTTTGTTTTATATCGCGCGTTTGATCCTA 4260 

Dpnl 
Bglll 
BstYI 
Sau3AI 
Tsp509I 
Dpnl 



Sau3AI 
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4261 ? GTGTC ^ TCTATGTTACTAGAT CGGGc 

CCACAGTAGATACAATGATCTAGCCCttc" + " ~ + " 4302 



Bnzymes that do cut : 



Jaattagatctgctagc 
:aatctagacgatcg 



Aarl 
Alul 
BamHI 
BciVI 
BsaAI 
BseSI 
Bsp24I 
BsrFI 
Cac8l 
Dral 
EcoRV 
Haelll 
Hinfl 
MscI 
Ncol 
NspV 
Rsal 
SfaNI 
Styl 
Tsel 
Xhol 



AccI 
A.lwl 
BanI 
Bell 
BsaBI 
Bsgl 
Bspl286I 
BsrGI 
Cjel 
DrdI 
Faul 
HaelV 
HphI 
Msel 
NgoAIV 
Pflll08"I 
Sad 
Sfd" 
Tail 
Tsp45I 
XmnI 



AcsIII 
AlwNI 
Banll 
Bfal 
BsaHI 
BsiEI 
BspGI 
BssHII 
CjePI 
Eael 
Fnu4HI 
Hgal 
Kpnl 
MslI 
Mhel 
Plel 
Sail 
SimI 
TaqI 
Tsp509I 
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ApaLI 
Bbvl 
Bfil 
BsaJI 
BsiHKAI 
BspLtTlll 
BssSI 
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Earl 
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HgiEII 
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Mspl 
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PshAI 
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Smal 
TaqI I 
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Bst4CI 
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Tat I 



TspRI Tthlllll 



Enzymes that do* not cut : 
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BstEII BstXI BstZl7I 
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3se8G47l stul SunI 
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BseRI 
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BsrI 
BstDSI 
CviRi 
Eco57I 
Gdill 
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Sau3AI 
SnaBI 
Taul 
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DrdI I 

Ndel 
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SgrAI 

Xcml 
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Bpml 
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Hael 
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Not I Pad 
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Abstract 



Described are synthetic promoters capable of mediating gene expression in plants 
upon pathogen infection. Furthermore, recombinant genes and vectors comprising 
said chimeric promoters as well as host cells transformed with such chimeric 
promoters, recombinant genes or vectors are provided. Additionally, diagnostic 
compositions and kits comprising such chimeric promoters, recombinant genes, 
vectors or cells are described. Provided are further methods for the identification of 
compounds being capable of activating or inhibiting genes that are specifically 
expressed in plants upon pathogen infection employing the above described means. 
Furthermore, transgenic plant cells, plant tissue and plants containing the above- 
described chimeric promoters, recombinant genes and vectors as well as the use of 
the aforementioned chimeric promoters, recombinant genes, vectors and/or 
compounds identified by the method of the invention in plant cell and tissue culture, 
plant breeding and/or agriculture are described. 
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